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Concrete Problems in the Construction of Graving 


Docks by the Tremie Method* 


By Capt. W. MACK ANGAS (CEC) USN 
Lt. Comdr. E. M. SHANLEY (CEC) USNR 
and Lt. J. A. ERICKSON (CEC) USN 


PREFACE 


The opinions and assertions contained in this article are those of the writers and 
are not to be construed as official or reflecting the views of the Navy Department 
or the naval service at large; furthermore, the opini and 
vanced by the authors are not necessarily ‘those of the Bureau of Yards and Docks, 
since the practice in placing tremie concrete is not yet developed or standardized. 
The drydocks referred to were built under the qnnesel Gheaiion of Rear Admiral Ben 
Moreell, Chief of the Bureau of Yards and Docks, Navy Department; Capt. W. 
Mack Angas (CEC), USN, was Officer-in-Charge of Construction; Lt. Comdr. E. M. 
Shanley (CEC) USNR, was Resident Officer-in-Charge of Construction and Lt. J. A. 
Erickson (CEC) USN was Assistant Resident Officer-in-Charge of Construction. 
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SYNOPSIS 
The authors point out the advantages of the tremie method of plac- 
ing concrete, and the unrivalled speed which the method affords in the 
construction of large concrete dry docks. They deseribe in detail the 


See cet RMS 5 


numerous unusual problems in mixing, transporting, and placing 450,000 


pos Ss ares 


cubic yards of concrete which arose when a central mixing plant, concrete 

pumps, and tremie pipes were employed for large underwater construc- 
tion, and denote the attempts, largely successful, to solve these prob- i 
lems. A general description of the methods used in the construction of ‘ 
dry docks is given, but normal features of the operations have been : 


slighted in favor of the more useful discussion covering the difficulties 


encountered and their solution. 


INTRODUCTION 


The tremie method of constructing graving docks has played, and is 


playing, an important role in the development and maintenance of i 
the fleet without which the Second World War could not be won by 
the United Nations. The maximum availability of ships in any desired : 


theatre of operations demands strategically located shipyards, navy 
yards and bases adequately equipped for the rapid construction of vessels 


and the prompt execution of repair work on vessels damaged in action. 
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Many of the facilities necessary at these yards and bases can be quickly 
provided or even improvised, but it takes time to build a dry dock of 
any size and as a dry dock of some kind is the héart of any major repair 
unit, the rapid construction of dry docks became one of the crucial 
problems of the program of naval expansion upon which we are engaged. 
Many types of dry dock are needed and many types are being built 
to fulfill the demands of our rapidly expanding fleet but the most import- 
ant type is the graving dock-—because it affords unrivalled facilities 
for undertaking major repairs, and becyuse it can be used, and is being 
used, not only for repair work but as a building dock or basin in which 
vessels may be constructed. The importance of the tremie method of 
constructing such docks lies in the fact that by its use their completion, 
especially on ‘‘difficult”’ sites, has been greatly expedited. 


A graving dock consists essentially of a basin into which a ship can be 
floated, a watertight caisson with which the entrance can be closed 
after the ship has been floated in, and a pumping plant to pump out the 
water and allow the ship to settle on blocks prepared to support her at 
such height above the dock floor as will make the hull accessible for 
repairs. 

The length of time it takes to build a graving dock depends on several 
factors: the size of the dock, the equipment available, and last, but not 
least, the nature of the site. In stable, impervious soils, the construction 
of a graving dock can be a relatively simple matter involving merely 
excavating a cut in which the dock body is built in the dry, and the 
subsequent removal of the berm of earth left to exclude the water from 
the dock entrance. Frequently, however, building a dock by traditional 
methods requires the construction of an elaborate cofferdam, the con- 
struction of which becomes a major undertaking requiring many months 
and the expenditure of large sums for its accomplishment. On such 
sites the tremie method has greatly expedited dock construction by 
eliminating the cofferdam and by permitting the major part of the work 
to be done under water, the concrete being poured through tremies 
into forms placed by floating derricks or otherwise. 


This adaptation of the tremie method has led to some unusual prob- 
lems in mixing, transporting and placing concrete. It is the purpose of 
this paper to describe these problems and the way in which they were 
met in building two large graving docks in close proximity to each other 
at a port on the North Atlantic Coast. 


GENERAL DESCRIPTION OF WORK 


The site was on unstable cohesive soil surrounded by intense industrial 
activity and the construction of the docks in cofferdams would have 
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been an extremely hazardous, time consuming and probably impossible 
job. Here the tremie method of dock construction was admirably suited. 
A general plan showing the arrangement of the two docks and the major 
items of plant equipment used in building them will be found in Fig. 1. 

The job was commenced by dredging both dock sites to a depth about 
65 feet below mean low water. A blanket of crushed stone, two feet 
thick, was then spread over the bottom of the dredged area and levelled 
by dragging. About 13,000 foundation piles, of 12-in. 74-lb. steel H-Pile 
section, were driven carefully to fit a pattern in line and grade. The 
piles were driven by steam hammers fitted to work under water and 
carried in telescopic leads mounted on floating drivers, the leads being 
so arranged that the hammers could follow the piles down to cut-off 
elevation, which in the case of the majority of the piles was 3 feet above 
the upper surface of the stone blanket. Great accuracy was necessary 
in locating the piles to prevent interference with the tremie concrete 
forms and the reinforcing steel in them. The design clearances between 
the piles and the forms or stecl in the forms were as small as 3 inches. 

The floor forms consisted of long narrow sheet steel boxes, open at 
the top and bottom, The long dimension or length of the forms extended 
across the dock and equalled the total width of the structure, that is, 
the interior width plus the thicknesses of the side walls. Interior bulk- 
heads across the forms near their ends were located under the inner 
faces of the tremie side walls so that when the side wall forms were 
placed on the floor forms the side walls could be poured as monoliths 
from the stone blanket to the tops of the wall forms. The ends and 
interior bulkheads of the floor forms were fitted with wings or extensions 
as shown on Fig. 2, the length of these extensions being half the width 
of the forms so that when two forms were set in position the space between 
them was enclosed to make a “form” of the same dimensions as the 
forms themselves. The sheet metal of the forms was 18 gauge simplex 
corrugated steel sheeting spot-welded to structural steel box ‘trusses 
designed not only to withstand the liquid pressure of the tremie concrete 
in its plastic condition, but also to make the forms strong enough to 
handle. The forms, cach weighing approximately 150 tons, were set 
by floating derricks; temporary steel towers attached to the ends of 
the floor forms facilitated locating them accurately. 

After a number of floor forms had been set their central portion or 
“floor” sections were tremied full of concrete. Next the spaces between 
these forms were similarly filled with conerete. Side wall forms were 
then placed on the ends of the floor forms which were in reality the 
lower sections of the side wall forms. Steel sheet piling was then attached 
to the “A”’ frames and wales at the top of the wall forms so that the 
bottoms of these short sheet piles would be embedded in the tremie 
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Fig. 2—Isometric views of floor forms and wall forms. 


concrete of the side walls when the forms were filled. Filling the side 
wall forms with concrete placed by the tremie method completed the 
tremie work of constructing the docks, The tremie concrete monoliths 
comprising the floor were in general 154 ft. long, 14 ft. wide and 20 ft. 
deep, while those subsequently poured to form the side walls were 42 ft. 
long, 20 ft. wide and 56 ft. deep. The placing of tremie concrete in each 
monolith was continuous from bottom to top, since the difficulties of 
preparing the intermediate surfaces of successive lifts were considered 
prohibitive. 

After the tremie concrete of the side walls had reached designed 
strength, backfill placed around the docks was carried to the tops of 
the steel sheet pile bulkhead supported on top of the tremie side walls. 
A steel cofferdam was then constructed at the dock entrance, and the 
entrance section of the dock, including the caisson seat, was then built 
in the dry inside this cofferdam. Thus enclosed, the body of the dock 
was unwatered by a temporary pumping plant and both floor and side 
walls lined with concrete placed in the dry 

A pumpwell was constructed between the docks to serve them both, 
The bottom of this pumpwell was built by the tremie method, some of 
its tremie forms and adjacent dock floor forms being fitted with water- 
proof ply-wood culvert forms to provide conduits to lead water from 
the docks to the suction chamber of the pumpwell. The rest of the 
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pumpwell was built in the dry inside an internally braced steel coffer- 
dam. Installation of electrically driven 54-in. vertical shaft centrifugal 
pumps in the pumpwell, the removal of the entrance cofferdams; the 
setting of the caisson gates in their seats; the provision of water, com- 
pressed air and electric service systems in the tunnels and ducts around 
the docks; the laying of crane and railroad tracks and necessary paving 
around the docks; and the installation of wood faced concrete keel and 
bilge blocking completed the project. 

From the foregoing general description of the methods used in con- 
structing the docks it will be seen that the most unusual and therefore 
the most interesting features of the project centered about the placing 
of the 450,000 cubic yards, more or less, of tremie concrete required for 
the construction of the floors and side walls of the docks. 

In the following detailed description of how this work was accom- 
plished, the authors place particular emphasis on the difficulties encoun- 
tered in the various operations. ‘They endeavor to explain the causes 
of troubles which are likely to occur in this type of work and set forth 
the attempts made to eliminate them. The authors believe that in this 
manner the paper will be more useful to engineers and contractors 
designing and constructing similar structures in the future than it would 
were only the normal features of operation described. 


Here at the conclusion of the Authors’ 
Introduction, describing the breadth and scope of the work 
as a background against which to discuss special problems 
in detail, their story is interrupted (to be continued on page 
262) to convey pictorially, through the eyes of an artist, some 
further impressions of the job as a whole. Reproductons in 
high-light halftones fall short of full justice to the record of 
the artist's pencil; they still add much to an appreciation of 
the scene of the authors’ work. 


—E 





DRY DOCK CONSTRUCTION 


from Drawings by 


MISS LILI RETHI 





Reproduced through the courtesy of Rear Admiral BEN 
MOREELL, Chief of the Bureau of Yards and Docks, USN, 
and of CONTRACTORS for DRY DOCKS, comprising four 
contractors, joined to perform the construction work: J. 
Rich Steers, Inc., Walsh Construction Company, Cauldwell- 
Wingate Company, and the Raisler Corporation . , 
Miss RETHI made these and other drawings during various 
stages of the progress of the construction of the two dry 
docks on which the present paper is based. 
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MANUFACTURING AND CONVEYING CONCRETE 


Conditions at the project site made the use of a central mixing plant 
imperative and led to the adoption of the pumpcrete method of trans- 
porting concrete from the plant to the locations of the various pours. 
All concrete materials, except water, were delivered to the plant in 
barges. Those bringing sand and gravel held from 600 to 1000 cubic 
yards each, while the capacity of the cement barges varied from 4000 to 
5000 barrels. 

Aggregates were washed sand and gravel of glacial origin, with a 
maximum size of 2 in. as determined by a standard square mesh screen. 
To secure gravel of this size in sufficient quantities it was necessary to 
resort to crushing larger sizes of stone, but to insure necessary workability 
of the concrete, the proportion of crushed particles permitted in the 
coarse aggregate was limited to 25 percent. Close control of the grading 
of the aggregates was necessary to minimize difficulties in the closely 
related problems of pumping the concrete from the mixing plant to the 
tremie pipes, maintaining a steady and satisfactory flow of concrete 
down the tremies, and having the plastic concrete flow in a satisfactory 
manner from the tremie pipes, which could only be moved vertically 
during a pour, to the more remote parts of the forms. The fine aggregate 
had an average fineness modulus of 2.80, with about 15 percent passing 
the No. 50 mesh screen. The concrete used had a cement content of 
7 sacks per cu. yd., and a net water-cement ratio of from 5.1 to 5.5 gal. 
per sack, 

Five 114 cu. yd. dual drum mixers were mounted in line on the second 
floor of the central mixing plant, the general arrangement of which is 
shown on Fig. 3. It will be noted that each mixer discharged into a 
turnhead chute which directed the concrete into any one of three of the 
seven pumpcrete machines on the ground floor of the plant. The num- 
ber of pumpcrete machines was later increased to eight. All the pump- 
crete machines were mounted on cars to facilitate removal for servicing 
and the rapid substitution of a spare machine in case of a breakdown. 
Pumpcrete machine operation 

Each pumpcrete machine was in reality a dual pump consisting of 
two synchronized pumps driven by a 50 h.p. electric motor with a common 
feed hopper equipped with a pugmill agitator or remixer driven by a 
smaller auxiliary motor. The pumping unit was of the two-cycle, single- 
acting, horizontal-piston type. With reference to the cross-sectional 
view of the pump, Fig. 4, on the suction stroke of the piston, the inlet 
valve opens, the discharge valve closes, and a charge of concrete flows 
from the hopper through the inlet valve into the cylinder. On the 
pressure stroke, the discharge valve opens, the inlet valve closes, and 
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Fig. 3—The concrete manufacturing plant. 


the piston drives the charge of concrete from the cylinder into the con- 
necting pipeline. The valves are never set to close completely; if they 
were, the aggregate particles would be crushed between the valve and 
the valve liner and extremely rapid wear or breakage would result. 
When in the closed position, the valve opening should correspond to the 
largest size aggregate particle. The concrete itself by its stowing quality 
completes the closure of the valve. Each machine had a pugmill capacity 
of 3 cu. yd. and a nominal pumping capacity of 60 cu. yds. per hour 
against the friction head developed in a thousand feet of horizontal 8-in. 
delivery line. When the pumping distance exceeded 1000 ft. of horizontal 
pipe or its equivalent in vertical (8 ft. per foot of rise) or curved pipe, 
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booster pumps mounted on a barge were utilized to re-pump concrete 
from the end of the first run to the point of delivery. By means of these 
booster pumps concrete could be delivered a maximum distance of about 
2000 feet from the mixing plant. 

In normal plant operation batches from each mixer were divided 
between three pumpcrete machines in a manner that led to the rather 
serious segregation of about two out of four batches. This segregation 
caused one side of the pumpcrete machine to pump relatively harsh 
concrete, while the other side pumped more heavily mortared concrete. 
When a mixer discharged into the pump located directly beneath it, 
the separation of gravel from the mix caused by the chuting of the con- 
crete caused little or no trouble because the segregated material was 
spread uniformly across the width of the pugmill hopper. When the 
concrete, however, was discharged into one of the pumpcrete machines 
located alongside the machine directly beneath the mixer, the separated 
gravel tended to deposit at one side of the pugmill and the remaining 
heavily mortared concrete on the other side. The pugmills were designed 
to remix the concrete prior to its passage through the intake valves of 
the pumps. Where segregation was uniform across the width of the 
pugmill the re-mixer functioned well and blended the separated materials 
satisfactorily, but where gravel predominated on one side and mortar 
on the other side of the pugmill, the remixer did not blend the materials 
in a thoroughly satisfactory manner. Without doubt the operation of 
the pumpcrete machines and other maintenance costs were adversely 
affected by this segregation. The difficulty was minimized by the 
addition of small auxiliary chutes to the original chutes provided bet ween 
the mixers and the side pumpcrete machines. These auxiliary chutes 
were so placed as to feed the discharge of the mixer to the center of the 
pugmills and by so doing gave the paddles of the remixers a better 
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chance to blend the separated materials. This solution of the problem 
was not, however, completely satisfactory and it is considered that in 
future large tremie concrete jobs more care should be taken in plan- 
ning the arrangement of the concrete mixing plant and the pumpcrete 
machines. 

It was the general practice of the mixer operators to keep the pugmill 
of each pumpcrete machine nearly full at all times. Sometimes a single 
batch from a mixer was divided into 2 or 3 pumpcrete machines when 
one machine alone had not sufficient space in its pugmill to receive a 
full batch. This tendency of the pumpcrete operators to keep the 
pugmills too full caused further trouble. Under such conditions, the 
concrete at the top of the pugmill tended to remain inactive and gradu- 
ally stiffened. Eventually, of course, the level of concrete in the pug- 
mill would drop to a point where the agitator paddles picked up this 
comparatively “dead” concrete which, when pumped into the delivery 
lines, was likely to cause plugs. 

Difficulty was experienced in keeping track of the amount of concrete 
pumped to tremie forms which were being poured simultaneously. This 
difficulty arose through splitting batches from one mixer to two or more 
pumpcrete machines. A correct allocation of yardage was eventually 
obtained by the installation of 15 trolley car conductor meters, three 
for each mixer, by means of which laborers kept a record of the distri- 
bution of concrete to each pump from each mixer by actuating the 
proper meter. This procedure minimized the difficulty of maintaining 
a correct allocation of yardage to concurrent pours. The close check 
on job operation which a correct allocation of yardage afforded and the 
resultant security derived from knowing that there were no undetected 
leakages of tremie concrete from the form being poured into an adjacent 
form were considered highly important, as such leakage would have 
partially or completely destroyed the monolithic character of the unit 
to be poured in the adjacent form. Such a check is believed to be of 
prime importance on tremie concrete projects of this type. 

The formation of ‘“‘plugs’” in the concrete delivery lines caused more 
trouble on this project than it has probably done on many projects 
where concrete has been delivered by the pumpcrete method, due to 
the high slump required by the tremie operations. It was found that 
the delivery lines were not choked by a gradual hardening or stiffening 
of the concrete in them, but by the formation of definite “plugs’’ of 
dry, caked, extremely harsh and non-workable concrete in the pipes. 
A “plug”? could be readily produced in the laboratory by attempting 
to force concrete through a pipe with compressed air if the discharge end 
of the pipe were slightly ‘“‘necked’”’ down. If a piston was used to force 
concrete through the pipe a plug did not form so readily, but the ten- 
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dency to form a plug nevertheless existed. Plugs which gave trouble 
on this project occurred at the pump, the delivery line and the tremie. 
There is little doubt that they were caused largely by: 

1. Improperly graded aggregates (excess grits, sand deficient in fines, 
or both). 

2. Segregation of high slump, heavily mortared concrete. Unfor- 
tunately concrete of these general characteristics was required by this 
tremie procedure. 

3. Improper setting of pump valves. 

4. Obstruction or constriction in delivery lines. 

5. High temperature of the concrete in summer when the long delivery 
lines functioned as solar heaters. (Cooling the lines by playing hoses 
on them was adopted as a regular procedure in summer to minimize 
the formation of plugs from this cause). 

6. Loss of seal or partial loss of seal in the tremie pipes. 

The valves on the pumpcrete machines were set carefully for the maxi- 
mum sized aggregate used in the concrete, which was 2 in. Because 
the passage of concrete through the valves caused a steady wearing 
down of the valves and consequent enlargement of the openings, the 
valves, from time to time, were reset to compensate for wear. Failure 
to reset the valves caused plugs in valves, siameses and pump lines. 
In general, it was found best to reset the valves while the pumps were 
shut down with the valves open for inspection, but when this procedure 
was impossible the valves had to be reset while the pumpcrete machines 
were running. 

Difficulty was experienced with the tremie pipes in establishing satis- 
factory tremie seals during the first pours. Attempts to overcome this 
difficulty involved the use of coarse aggregate of 1 in. maximum size 
while the tremies were being initially sealed. It was thought that the 
reduction_in size would improve the flow of the concrete. Since only 
30 or 40 cu. yd. of concrete with this 1 in. aggregate were to be used 
through each pump, before commencing delivery of the regular mix 
with 2-in. aggregate, it was undesirable to set the pumpcrete valves for 
l-in. aggregate and then change the setting while the pumps were run- 
ning for the 2-in. aggregate. The valves were accordingly set for 2-in. 
top size aggregate before the commencement of a pour with the result 
that plugs developed rapidly in the valves and delivery lines while the 
concrete with 1l-in. aggregate was being pumped. So much trouble of 
this sort was experienced that the practice of using 1-in. aggregate at 
the beginning of a pour was stopped. As pointed out in a later discussion, 
the removal of an experimental bowl-shaped deflector gate at the bottom 
of the tremie pipe solved the problem of establishing an initial seal. No 











: 
' 
' 
' 


ee 





§ 
| 
; 
| 








CONSTRUCTION OF GRAVING DOCKS BY THE TREMIE METHOD 267 


difficulty was encountered thereafter in sealing the tremie pipes with 
concrete having 2-in. aggregate. 


The heavily mortared, high slump concrete required for the tremie 
operation necessitated a deviation from standard practice in the con- 
nection of the concrete pumps to the delivery lines. In a double pump- 
crete machine each pump forces concrete into one leg of a Y-shaped 
connection which unites the streams of concrete from the two pumps 
into a single discharge leading into the delivery lines. These Y-con- 
nections or siameses had a diameter of about 10 in. as compared with 
an 8-in. diameter at the valves and an 8-in. diameter at the main delivery 
lines. A tapered section running from 10 in. to 8 in. in diameter was 
inserted between the siamese and the delivery lines. This tapered 
section presented a definite constriction to the flow of concrete, and 
hence served as an invitation to the formation of plugs. In ordinary 
practice this is an advantage rather than a disadvantage as the tapered 
section serves as a strainer retaining concrete likely to cause a plug in 
the delivery line. It is much better to plug a conveniently located 
tapered section with concrete which will not go through the line, than 
to permit such concrete to enter and plug the line. Fixing a plugged 
tapered section requires about five minutes, while it may take hours 
to restore a plugged line to service. Past experience with pumpcrete 
equipment indicated that concrete of normal consistency may remain 
inactive in a delivery line for a period of about 20 minutes without 
serious consequences. The heavily mortared, high slump concrete used 
for tremie work, however, segregates rapidly if allowed to stand in the 
delivery lines for more than two or three minutes. It was not uncommon 
in the early phases of the job for the men to clean a plugged tapered 
section in from five to seven minutes and then find that the delivery 
line had plugged in the interim. This happened so frequently that it 
became standard practice to clear a delivery line of concrete by forcing 
a “go-devil” through it while removing a plug from the tapered section 
which fed the line. Finally it became clear that the tapered sections 
were operating too selectively, frequently plugging with concrete which 
could be handled by the delivery lines. The enlarged siameses and 
tapered sections were then discarded in favor of siameses of uniform 8-in. 
diameter which eliminated the necessity for the tapered sections. This 
substitution of 8-in. siameses which would undoubtedly involve un- 
necessary risk in the pumping of concrete of normal consistency, greatly 
reduced the number of plugs both at the siamese connections and in 
the pump lines. 


When the delivery line plugged, serious damage to the pumpcrete 
machine was apt to result unless the operators were alert. Fortunately 
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on this project only two pump crank shafts were broken from this cause. 
A plugged line had to be freed entirely of concrete as quickly as possible 
to prevent the concrete from hardening in the pipes. Because large 
parts of the delivery lines were carried over floating pontoon units the 
work of clearing the lines was difficult, as it frequently involved the 
complete breakdown of the line into 10 ft. sections so that each indi- 
vidual length might be cleaned. The most serious problem caused by 
a plugged delivery line was the sharp reduction in the rate of delivery 
of concrete to the tremies. Concrete in that part of the tremie form 
normally fed by the line which had plugged, stiffened appreciably and 
precautions were necessary to forestall the formation of cold joints. An 
auxiliary slide valve was subsequently developed by means of which 
concrete from one or more of the remaining active lines could be diverted 
into the tremie normally supplied by a line which had plugged. Although 
this expedient decreased the rate of delivery to all the tremies used in 
a pour, it did spread the available concrete over the total area and 
reduced the likelihood of a cold joint. 

At the conclusion of a pour the pumpcrete delivery lines were freed 
of concrete by forcing go-devils through them with water at a suitable 
pressure. Compressed air can be used for this purpose, but the use of 
air involves a certain hazard to personnel as a go-devil may be ejected 
from the end of the pipe with considerable velocity and the air which 
follows it may spatter mortar and aggregate about in a way which 
involves risk of eye injuries to those near the end of the pipe. However, 
in locations where the large amount of water which follows the go-devil 
cannot be disposed of readily it is desirable to use compressed air rather 
than water. 

TREMIE CONCRETE 


The tremie pipes used to deposit the concrete under-water were made 
of 12-in. spirally welded steel approximately 70 ft. long suspended from 
towers mounted on barges. A top deck which supported the pumpcrete 
lines and from which they were serviced was supported by the tops 
of these towers. All pipes were clearly marked on the outside with 
graduations to show the depth of immersion. The tremies carried a 
large funnel at their upper ends into which concrete was delivered from 
the ends of the pumpcrete lines by a system of pantlegs, hoppers and 
elephant trunks (Fig. 5). The tremies were raised or lowered by drum 
hoists. Eight tremies, spaced 18 ft. center to center were carried by 
the 302- x 38-ft. barges used in making the floor pours, these barges 
being known as “floor tremie barges’. Three pipes 14 ft. center to 
center, were mounted on the 82- x 28-ft. barges used in making the wall 
pours. The barges were accurately located and held securely in position 
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Fig. 5—Photographic view of floor tremie barge in operation. 


during each pour so that the tremie pipes moved vertically only, being 
restrained from lateral movement by their suspended weight and by 
steel hoops attached to the reinforcing steel in the forms. The diameter 
of these hoops was considerably greater than that of the tremies, their 
purpose being to guide the tremies past the reinforcing rods as they 
were lowered to the bottom of the forms rather than to prevent lateral 
movement of the tremies during a pour. In order to fill the forms the 
concrete had to flow laterally from each tremie pipe a horizontal distance 
of from 7 to 16 ft. so it is obvious that a highly workable concrete was 
essential to provide the tremie monoliths with a reasonably flat and 
smooth upper surface. 


Preventing concrete leakage under forms 

The commencement of each tremie pour was preceded by a thorough 
cleaning of the form to be poured by means of air lift pumps aided by 
divers using high-pressure water jets fed by fire hoses, the function of 
the jets being to stir up the mud and silt, which had settled onto the 
stone blanket, so that the air lift pumps could remove it. Divers also 
‘arefully inspected each form to make sure that the expanded metal 
lath spring gasket along the bottom edge of the form made a ‘‘concrete- 
tight”? joint with the broken stone windrow beneath it. The gaskets 
are shown on Fig. 6. In test pours where these gaskets made contact 
with a broken stone blanket having a smooth upper surface with few 
deviations from design grade, they functioned perfectly. When the 
pouring of tremie floor forms was commenced, however, it was found 
that the gaskets were far from completely satisfactory. The broken 
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Fig. 6—Canvas seal for tremie floor forms 


stone blanket which became the “bottom” of the forms had settled 
somewhat irregularly into the mud below it where the H beam piles 
had been driven. Stone windrows were placed on the settled blanket 
to restore the elevation of the stone where the form gaskets were to 
make contact with it, but it was almost impossible to grade and level 
these windrows with sufficient accuracy to insure a concrete-tight joint 
between the gasket and the windrow. Where divers reported openings 
under the gasket through which concrete might escape into an adjacent 
form the openings were closed with bags of crushed stone placed by 
the divers. So many openings under the gaskets were found which had 
to be closed in this way and the work of placing the bags was so slow 
and expensive that attempts were made to supplement the wire lath 
gasket with something which would make “‘bagging”’ of the forms unneces- 
sary. The most effective of the devices tried was a long strip of canvas 
attached to the form near its lower edge, weighted with broken stone 
in bags and triced up with short tag lines as shown on Fig. 6. 





After a form equipped with these canvas strips was set a diver cut 
the tag lines with the result that the entire bottom perimeter of the form 
was more or less completely “bagged” in a relatively short time. The 
method, however, could not be trusted implicitly and did not obviate 
the necessity of divers making a foot by foot inspection of the entire 
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perimeter of the bottom of each form to locate and correct, by bagging, 
any potential leaks. These inspections were time consuming, expensive, 
and, for the divers, difficult if not positively dangerous. The water 
was so muddy that the divers could see absolutely nothing and had 
to enter the forms, pass through and under a rather complicated system 
of reinforcing steel, and do all their work by sense of touch. The semi- 
automatic “‘bagging”’ of the forms by means of the canvas strips was a 
distinct improvement over bagging by hand, but is not considered to be 
by any means an ultimate solution of the problem of making the lower 
edges of tremie forms ‘‘concrete-tight’”’. Where a form could be poured 
shortly after being placed the canvas worked well, but organic activity 
in the mud of the river bottom attacked it rapidly and inspection of a 
form that had been in place for some weeks before pouring often revealed 
canvas so rotten and disintegrated that a great deal of bagging had to 
be done by hand. 


On a project such as this, prevention of leakage of tremie concrete 
under the forms is extremely important. Leakage into an empty form 
which has not yet been poured causes a “cold-jointing” in the monolith 
to bé poured at a later date in the supposedly empty form. The founda- 
tion piles of the docks constructed on this project were designed to take 
uplift on the assumption that a percentage of the submerged soil weight 
of the prism of earth surrounding the piles would be available to anchor 
the bodies of the docks down against floatation. A cold-joint in the 
bottom of a monolith might therefore seriously threaten the safety of a 
portion of the dock floor. Leakage of concrete under the outside edge 
of a wall form was a much less serious matter involving merely the loss 
of material. 


Operation of tremie 

The success of the tremieing operation depended upon securing a 
water-tight seal at the bottom of the tremie pipe so that the concrete 
was not subjected to washing in reaching its final position in the form. 
Model tests showed that failure to secure an adequate seal efiec- 
tively destroyed the structural properties of the conerete. In fact, 
if the seal were imperfect, the final product of the operation was not 
concrete but washed sand and gravel intermixed with lenses and streaks 
of a weak conglomerate held together by cement. A popular device 
used in the past for sealing tremie pipes has been the burlap bag go-devil. 
The tremie pipe was suspended in the form in the position in which it 
was to be used and of course had water inside it up to tide level and air 
from water surface to the top of the pipe. Before the commencement of 
a pour a go-devil consisting of a number of burlap bags rolled together 
and bound in the shape of a cylinder of such diameter that it fitted 
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snugly into the top of the tremie was inserted into the pipe. This go- 
devil was forced down the tremie by feeding concrete into the pipe over 
it. As the go-devil descended more concrete was fed into the pipe and 
the water and air were forced out at the bottom by the go-devil and the 
column of plastic concrete above it. By the time the go-devil was 
expelled from the bottom of the pipe it was traveling at a high rate of 
speed and the column of concrete following it impacted against the 





subgrade, generally a foot or less from the end of the tremie, and re- 
bounded, building up around the bottom of the tremie in a mound in 
which the bottom of the tremie pipe was soon immersed. The flow of 
concrete would then be immediately choked by lowering the pipe to the 
bottom, the pipe being partly filled with concrete and entirely free from 
rater, its lower end being sealed against the entrance of water by the 
mound of concrete surrounding it. The pipe would then be filled with 


oo 


concrete and raised a little from the bottom to permit flow which would 
again be choked by lowering the tremie as the concrete rushed downward. 
This operation would be repeated until the form was filled. 


On this and similar projects experiments had determined that it was 
not necessary to check the downward flow of conerete in the pipe after 
a seal had been established, since the flow would continue only until 
the pressure of the column of plastic concrete remaining in the tremie 
counterbalanced the water pressure at its base. When this state of 
equilibrium is reached flow will stop without water entering the bottom 
of the tremie. Once this condition of equilibrium has been established 
the continued delivery of concrete into the tremie merely forces an equal 
amount of concrete out of the bottom. While the velocity of the con- 
crete during the initial sealing probably reaches 20 ft. per second, the 
maximum subsequent velocity during pouring need not exceed 34 ft. 
per second. There is therefore some risk of scouring and disturbing 





the bottom during the sealing operation but not during the balance of 
the operation of filling a form by the tremie method. 


Under the conditions of this project it was appreciated that in its 
rapid descent and subsequent rebound a 4-ton column of plastic concrete 
could easily pierce the 2 ft. crushed rock blanket, stir up the underlying 
silt to a marked degree, and conceivably cause such severe agitation 
that mud would not only blend with the initial charge of concrete but 
might be stirred up to such an extent as to subsequently inhibit the 
formation of good bond between the concrete and the H-beam piles. 


Checking flow through tremie 
Attempts were therefore made to improve the technique of establish- 
ing a seal at the commencement of the tremie pour by checking the 
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Fig. 7—Four methods used in sealing tremie pipes. 


initial rush of concrete. Fig. 7 shows four devices used on this project 
for establishing a seal at the commencement of tremie pours. 

The first of these devices, consisting of a bowl and cone foot valve at 
the bottom of the tremie pipe was intended to permit a variable opening 
and to provide a valve which when closed would be watertight. The 
tremie fitted with this valve was lowered into place with the valve open. 
The valve was then closed by pulling the cable operating it and attempts 
were made to pump the water out of the tremie by use of a steam operated 
ejector. Actually the gate never closed completely and the tremie was 
never completely unwatered. During the pouring of experimental blocks 
of tremie concrete which were subsequently raised for inspection and 
were therefore not incorporated into the finished docks, this equipment 
was found to be impracticable. 

The device was therefore modified by substituting a so-called “Kelley 
go-devil” for the conical valve part of the original equipment. With the 
outfit so modified the tremie was placed in position, the go-devil inserted 
in it, concrete was poured into the tremie above the go-devil, and the 
go-devil was lowered, under control, by a tugger hoist until it emerged 
from the bottom of the tremie and flow was established. This arrange- 
ment worked fairly well but the rods connecting the bow] with the sliding 
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rings around the bottom of the tremie were suspected of causing, or 
rather promoting, plugs at the bottom of the tremies and the bowls and 
rods were therefore discarded to produce the simpler outfit shown on 
the third sketch of Fig. 7. This consisted merely of a Kelley go-devil, the 
details of which are shown on Fig. 7, which could be lowered down the 
tremie under control by means of a tugger hoist at the commencement 
of a pour. When this plan was formulated it was thought that the 
Kelley go-devils could be retrieved at the end of a pour by pulling them 
up the tremie pipes, but many could not be removed from the stiffening 
concrete in which they were embedded, and the simpler and cheaper 
“‘Bayonne”’ go-devil was therefore substituted for the Kelley go-devil 
through the greater part of the job. 


The Bayonne go-devil, as shown on Fig. 7, is merely a simpler and 
much cheaper form of go-devil which can be lowered down the tremie 
under what might be termed partial control during the initial stage of 
commencing a tremie pour. As the column of concrete above the go- 
devil becomes heavy, however, the go-devil of the Bayonne type must 
be released completely, as attempts to lower it under control for the 
full distance proved extremely provocative of annoying plugs and con- 
sequent delays. The Bayonne go-devil used in each tremie is lost at 
the commencement of each pour, but as the go-devils are cheap and 
easily made, this is not a serious matter. This device effectively checked 
the initial velocity and provided a satisfactory seal. 

Kach tremie pour was commenced through one of the tremies near 
the center of the pour. After a satisfactory seal had been secured with 
this tremie, pouring through it was continued until the plastic concrete 
had spread under the bottoms of the tremies adjacent to that through 
which the pour was started. These tremies would then be sealed and 
pouring through them commenced. This process would be carried on 
progressively until all tremies were in use. While the pour was thus 
being commenced at the center of a form, air lift pumps would be work- 
ing at the ends of the form and would be kept at work ejecting mud and 
silt pushed to the ends of the form in front of the advancing plastic 
concrete until the air lifts themselves began to eject concrete, when 
they would be shut down. 


In all probability not a single pour was made without a plug partially 
forming in one or more of the tremie pipes. Aside from a very few at 
the beginning of the job the partially formed plugs rarely became trouble- 
some. At least four reasons may be advanced as probable causes of the 
formation or partial formation of plugs in the tremies: 1) concrete 
too dry; 2) too much segregation of the concrete; 3) aggregate gradation 
poor; 4) « leak in the tremie with consequent washing of the concrete. 



































CONSTRUCTION OF GRAVING DOCKS BY THE TREMIE METHOD 275 


All these causes have one common result: The flow of concrete is seri- 
ously impaired. Dry or segregated concrete, concrete made with im- 
properly graded aggregate, or concrete subjected to washing with water 
lacks sufficient mortar to lubricate the gravel particles adequately. 
One plug in a tremie is believed to have been caused by a leaking gasket 
in one of the flanged connections of the tremie pipe which admitted a 
little water to the pipe and washed the mortar and cement out of the 
concrete. ‘This occurrence suggested the use of more than ordinary 
care in periodic checks on the condition of the tremies. It was found 
that jarring of the tremie when a plug started to form either freed the 
pipe or forced the particles close together and thus made the plug more 
solid than before. 

Three methods of freeing tremie pipes of plugs were tried on this job. 
After considerable experience, two were discarded and the third adopted 
as being most practicable: 

1. The first expedient tried in dealing with plugged tremies was to 
lift the pipe one or two feet and then drop it several inches at a time to 
its original position. It was thought that the jarring which would result 
when the pipe was “brought up” at the end of each drop would loosen 
the plug. Actually it was found that dropping the pipe forced material 
upward into its lower end in a way which more than counteracted any 
beneficial result obtained by the “drop’’ and in general the plug was 
aggravated rather than released. 

2. The second method tried for freeing a plugged tremie was to strike 
the pipe with sledge hammers, attach vibrators to it and by other means 
to try to shake the plug loose by vibration. Probably because the plug 
was located 20 to 65 ft. below the point of application of the vibration 
and because of the dampening effect of the water on the vibrations, these 
methods of freeing a plug were found ineffective. 

3. The best method, and the method adopted as standard, was the 
rapid lifting of the pipe a few inches at a time. The lifting action and 
the jarring of the pipe resulting from the repeated starting and stopping 
of the drum hoists tended to loosen the plug and because the pipe was 
being lifted no counteracting force was developed at the bottom of the 
tremie. In general this method freed plugged tremies readily. 

If, at any time during a pour, the end of the tremie pipe was lifted 
out of the plastic concrete, water got into the bottom of the pipe, mortar 
was washed out of the concrete and a plug resulted near the end of the 
tremie. As a precaution against trouble of this kind barge foremen were 
not permitted to raise the pipe more than a foot at any time except at 
the conclusion of a pour. As pours continued and the forms were gradu- 
ally filled, the tremies were lifted as the elevations of the upper surface 
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of the plastic concrete rose, the ends of the tremies, however, being at 
all times kept at least five feet below the upper surface of the concrete. 


As pouring progressed it was noted in many instances that a crust 
formed on top of the plastic concrete. The true nature of this crust was 
never determined although repeated attempts were made to learn some- 
thing definite about it. The crust felt hard under a sounding lead but 
divers broke through it with little difficulty. Divers reported that the 
crust was thin—about 44-in.—and that it crumbled in the hand when 
any attempts were made to obtain a sample. Bucket samples of the 
top of the pour before and after the formation of the crust did not appear 
appreciably different. If it is assumed that concrete placed during 
the beginning of a big tremie pour remains on the surface of the plastic 
material as the concrete rises in the form and thus forms a crust after 
a few hours, then it would follow that crusts would form on any pour 
lasting more than five hours, but the formation of crusts was not con- 
sistently noted. 


Rate of pour 

Limitations on the rate of pour in the original specifications for the 
project, called for a rise of the concrete in head wall forms of not more 
than 2.4 ft. per hour; 2.86 ft. in floor forms and 3.4 ft. in side wall forms. 
The considerations involved in these limitations were the estimated 
ability of the gaskets under the edges of the form to retain a head of 
plastic concrete, the known structural strength of the forms considered 
as containers for plastic concrete and the estimated rate at which the 
concrete would obtain initial set. Subsequently in the light of experience 
with concrete escaping under the edges of the forms at other similar 
projects, the rate of pour was, for a time, limited to two feet per hour. 
While this slow rate of pour undoubtedly minimized the risk of leakage 
under the forms and also minimized the risk of a form failing under the 
liquid pressure of plastic concrete, it caused difficulty with the operation 
of the pumpcrete system and made it difficult or impossible to secure 
reasonably level upper surfaces of the tremie monoliths. Slopes of the 
tremie concrete in the form as high as 1 on 3 were frequently encountered. 
Divers using underwater spud vibrators attempted to level off all such 
slopes. While, in general, their efforts were of little consequence, they 
succeeded at least once in securing a surface nearly flat. Furthermore, 
the use of the vibrators did not appear to injure the concrete. 


Eight tremies on each floor tremie barge were designed to be supplied 
by four pumps which, under normal operating conditions, would deliver 
from 200 to 240 cu. yd. of concrete per hour, a rate which would in turn 
raise the elevation of the top of the concrete in the form 2% to 3 ft. per 
hour. To reduce this rate of rise to 2 ft. per hour required choice of three 
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procedures: slowing down the pumps, running the pumps intermittently, 
or using only three instead of four pumps. Both slow pumping and 
intermittent pumping were provocative of plugs in the pumpcrete lines, 
particularly in warm weather. This difficulty could be overcome by 
dividing the discharge of three pumps by means of slide valves in the 
delivery lines to the four hoppers which fed the eight tremies through 
pantleg distributing hoppers and elephant trunks as has been heretofore 
described. This was not a completely satisfactory solution of the prob- 
lem, however, as the slow rate of pour down the tremies and the slow 
rate of rise of the concrete increased the difficulty of maintaining satis- 
factory tremie seals, avoiding plugged tremies, and securing tremie mono- 
liths with reasonably smooth upper surfaces. 


A test block of tremie concrete poured at a very rapid rate, 10 to 15 
ft. per hour, when brought up from the bottom and examined, had an 
upper surface nearly level and smooth. A similar block poured at the 
rate of 214 ft. per hour had an uneven upper surface with a considerable 
hump at the location of the tremie pipe. Concrete in this block also 
failed to flow around a bulkhead installed to simulate the sheet piling 
set in the top of all wall forms, indicating reduced flowability. 


Eventually the rates of pour were increased substantially with a 
resulting marked improvement in progress on the project and in the 
quality of the tremie monoliths insofar as this could be determined by 
examination of the upper surfaces of the monoliths after the docks were 
unwatered. The rates were kept low at the commencement of pours, 
being held down to as little as 1% ft. of rise per hour at the start of a 
pour, but were increased to as much as 4 ft. per hour toward the end of 
pours. The higher rates produced surprisingly level top surfaces, with 
maximum slopes of about 1 on 9. These higher rates in the latter part 
of the pours were permitted on the assumption that concrete placed 
previously had appreciably hardened and would neither leak under the 
edges of the form nor produce excessive liquid pressure on the form 
structure. The failure of a tremie form on such a project would be 
disastrous as it would necessitate the removal of a large quantity of 
concrete by divers using paving breakers, a procedure which would be 
exceedingly slow, expensive and, under unfavorable conditions, im- 
possible. 


CONCLUSIONS 


There are few jobs on which construction methods could not be 
improved and it is believed that experience on this project shows that 
the following points should receive very careful consideration in the 
design and construction of future docks by the tremie method: 
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1. The tolerances required of the pile driving crew in locating the 
steel H-beam piles should, if possible, be increased. Delay was caused 
in this job by the precision with which piles had to be located, together 
with the desire for speed in the completion of the work. As pointed out 
before, the design clearances between the piles and the forms were as 
low as 3 inches. This small clearance, 60 feet below water, obviously 
constituted a difficult problem to the contractors. In fact, the best 
method used in locating a pile, once it had been driven, was considered 
accurate only to within about 4 inches of its actual location. It is the 
opinion of the writers that design clearances should be not less than 24 
inches, in order to eliminate the delay and the corresponding high costs 
incurred both by the use of extraordinary care in driving the piles and 
by the occasional later interference of the pile with the form during 
its setting. 

2. A better gasket or seal should be devised for the bottom edges of 
the tremie forms to prevent the escape of plastic concrete under the 
forms. 

3. Research should be undertaken on the rate of setting or hardening 
of tremie concrete made with the cement and aggregate to be used on 
the job in order that the rate of pour may be as rapid as possible without 
running undue risk of leakage under the forms or form failure. 

4. Further research should be undertaken to determine actual average 
and maximum form pressures for various consistencies of mix, rates of 
pour, and other variable factors, and everything practicable should 
be done, including increasing structural strength of forms if it is required, 
to permit more rapid rates of pour. 

5. Unless a crowded site demands the use of pumpcrete machines 
as it did on the project described in the above paper, some method other 
than pumping should be used for the delivery of concrete from the mix- 
ing plant to the tremies. The writers make this recommendation with 
the full knowledge of the feasibility of pumping concrete of normal 
consistency. Delivering tremie concrete by the pumpcrete method, 
however, places the concrete technician in the difficult position of having 
to design and control a mix that can both be handled by the pumpcrete 
machines and at the same time flow satisfactorily through the tremies 
and in the forms. This is not a simple problem. 

6. As has been demonstrated on a similar project elsewhere, the use 
of concrete lining placed “‘in the dry” on the interior surfaces of the dock 
walls, an operation dictated by the lack of suitable information on the 
subject, is now considered unnecessary. It has been amply demon- 
strated that the tremie forms can be lined with a suitable material and 
set with sufficient accuracy to produce a sightly and satisfactory wall 
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surface. Tremie concrete exposed by the stripping of the forms is 
excellent in quality, and in appearance is not inferior to concrete placed 
by normal methods. 
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Discussion of a paper by Angas, Shanley and Erickson: 


Concrete Problems in the Construction of Graving 
Docks by the Tremie Method* 


By CHARLES MACKLIN and J. A. ERICKSON 


By CHARLES MACKLINt 


Items 3 and 4 in the conclusion indicate a need for research on form 
pressures. Experiments on concrete pressure have been conducted for 
fifty years “ without a logical theory on the pressures between the 
forms and the concrete. Concrete poured in the air and concrete poured 
under water show similar characteristics” and any unsound theories 
accepted about air-poured concrete might become incorporated in the 
studies of tremie concrete. 

The authors do not say how long the concrete is considered plastic, 
but they do indicate that the rates of pour were limited in the specifica- 
tions to 2.4, 2.86, and 3.4 ft. per hour. During construction they held 
the pouring rates to 1% ft. at the start, and up to as high as 4 ft. at the 
end of a pour. The differences in pressure for slight variations in the 
rate of pour are small since the upper surface subjected to agitation is a 
function of this agitation and accounts for a sizeable part of the total 
pressure. The balance of the pressure is a function of the rate of pour, 
but is not a linear function of the rate. It is a function approximately 
of the sq. root of the rate and in the range of 4 ft. per hour increases 
the pressure about 25 lb. per sq. ft. for each ft. rate increase.” These 
values are taken from the data contained in the Halloran and Talbot 
tests.?) Anyone attempting for the first time to correlate the vagaries 
of concrete pressure results finds an almost insurmountable problem. 
Inasmuch as research which does not substantiate the already accepted 
ideas of concrete pressure finds few adherents, little will be gained by 
additional tests until some of our present ideas are constructively dis- 
sected. 
~ *ACI Journan, Feb. 1944; Proceedings V. 40, p. 249. 


tStructural Designer, Division of Architecture and Engineering, State of Illinois. 
(‘) See references at end of this discussion. 
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The idea that concrete remains fully plastic for 5 hours can be traced 
to the experiment of Ashley and Abrams, ® repeated by White and Paas- 
well. In these experiments the wood forms swell as they absorbed 
water, and there was no way of determining what was concrete pressure 
and what was pressure due to the swelling of the wood. Forms under 
water in which the swelling of the wood has reached a maximum before 
concrete is placed would not show these pressure readings. Swelling of 
wood forms is not an important consideration in the strength of any 
form as the concrete reaches a condition of stability hours before the 
swelling of the wood is complete. 


The piston experiment by Shunk © is the best known of all concrete 
experiments and it has the inherent disadvantage that the piston was 
moved in and out about \% inch, which is a good study of the setting 
time of 1908 concrete, but sheds little information on form pressures. 


With the burden of these experiments hovering in the minds of the 
engineering profession, fittle will be gained unless they are definitely 
and convincingly duplicated using cells of the Goldbeck type along 
with Shunk’s piston, Abrams oil-jack, and Paaswell’s extensometer. 
These cells should be used in conjunction with each other to determine 
the difference in the pressure observed with steel forms, and with wet 
and dry wood forms. 


One other factor which seems to influence observed pressure is the 
location of pressure cells in a continuous form member. This is suggested 
for the following reason: the condition of the concrete is continually 
changing, and as the form is filled, positive and negative moments 
produced by the active concrete pressure in the upper portion of the 
pour change the moments which move the pressure cells where the 
concrete pressure has changed from an active pressure to a passive 
pressure. As long as the concrete is fluid any slight movement of a 
pressure cell is negligible. When the concrete loses its fluid behavior 
these pressures are only limited by the compressive strength of the 
partially set and confined concrete. 


The authors shed some light on this time factor (p. 267): ‘Past 
experience with pumpcrete equipment indicated that concrete of normal 
consistency may remain inactive in a delivery line for a period of about 
20 minutes without serious consequences. The heavily mortared, high 
slump concrete used for tremie work, however, segregates rapidly if 
allowed to stand in the delivery lines for more than two or three minutes. 
It was not uncommon in the early phases of the job for the men to clean 
a plugged tapered section in from five to seven minutes and then find 
that the delivery line had plugged in the interim. This happened so 
frequently that it became standard practice to clear a delivery line of 
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concrete by forcing a ‘“‘go-devil’’ throught while removing a plug from 
the tapered section which fed the line.”’ 

The above quotation adds some weight to the Smith formula concern- 
ing sloppy concrete. It seems that the grout considered as a lubricating 
medium for the coarse aggregate breaks down with excess water and 
allows a more rapid settlement of the concrete particles. This writer 
would like to suggest that the settlement of the particles in the concrete 
may be the one factor more than any other which causes concrete to 
cease acting as a fluid. At any rate, a much needed experiment would 
be to determine the chemical action of the cement by using an inert 
powder of the fineness and specific gravity of cement and running a 
parallel experiment using cement. This is suggested because of the 
stress laid on temperature as influencing pressures. Teller was emphatic 
in pointing out that temperature had a relatively small influence in his 
experiments.” If temperature is relatively unimportant, then the 
problem of concrete pressure is greatly simplified. 

It is not unusual to hear of form failures, but whether or not. these 
failures are the result of high pressure on the one hand, or of faulty 
form design and erection on the other hand is never known. The natural 
reaction in the case of a failure is to conclude that the concrete pressures 
were high, thus relieving the parties involved from blame. If, for instance, 
actual pressures on a job are in the neighborhood of 300 to 400 lb. per 
sq. ft. the form design engineers may add as much as 1500 Ib. per sq. ft. 
just to be on the safe side. 

Present destruction due to the war indicates many underwater struc- 
tures will be built in the future which could be completed with consider- 
able less cost if design pressures were known. 


REFERENCES 
(') MeCullough, Engineering News, 1894. 
(*) Halloran and Talbot, ACI Journat, June 1943. 
(3) Ashley and Abrams, Engineering News June 30, 1910, p. 748. 
(*) White and Paaswell, Transactions ASCE V. 104, p. 1696. 
(5) Shunk, Jl. Assn. of Engineering Societies; Engineering News, Sept. 9, 1909, p. 288. 
(°) Smith and Rosengarten, Public Roads, March 1920. ° 


(7) Teller, Public Roads, March 1931. 


Closure by LIEUTENANT ERICKSON for the AUTHORS * 


Mr. Macklin’s statement that little knowledge of form pressures will 
be gained by additional tests until some of our present ideas are con- 
structively dissected is well taken, especially in view of the results 
obtained on this project using two devices in attempts to measure the 
pressure on the forms. Osterberg Earth Pressure Meters, which measure 


*Active duty has made Captain Angas and Lieutenant Commander Shanley inacceasible—Eprror 
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the strain induced in a circular steel plate by the pressure of the tremie 
concrete, and stress meters designed and built by Roy W. Carlson, which 
measure similarly the deflection of a circular steel plate, were employed 
in this work. Neither of these meters were designed for the conditions 
to which they were subjected. Subsequent to running the tests, it was 
determined that the Osterberg cells did not have a watertight con- 
struction and were mounted in such fashion as to permit slow leakage. 
The lucite end bridges of the strain gauges were apparently fastened 
with a water soluble glue and in at least one’ case became loose, a factor 
which might have created false calculated pressures, appearing slowly 
to reduce. Two sweated joints in the Carlson cells had inadequate 
protection in the mounting, and in addition, a plaster of paris backing 
was used, the changing moisture content of which probably superim- 
posed artificial pressures on the cell. In most cases, both types became 
short-circuited during the tests. In cases where this did not occur, 
the two types of meters did not perform alike, nor did two meters of 
the same make, mounted side by side, serve as a check on each other. 
In one case, for example, one of the latter type indicated pressures 
increasing with an increase in the head of concrete over the meter (16 ft.) 
up to about 800 Ib. per sq. ft., at which point the form was filled and 
operations necessarily were stopped. The Osterberg cell, on the other 
hand, showed a maximum pressure of about 250 Ib. per sq. ft. (head of 
2% ft.), and then indicated a declining pressure with a further increase 
in the head of the concrete up to 15 ft. 

The indicated pressure of 800 lb. per sq. ft. mentioned above was the 
highest ever measured in contrast to the design value of 1200 lb. per sq. ft. 

The various data collected were not considered significant, due in 
part to the limitations of the cells and in part to incorrect methods 
employed in mounting the cells in the tremie forms. The wide variety 
of results obtained is sufficient cause to label all the results as question- 
able and certainly not readily duplicated. 

The approach to the problem of measuring form pressures by the instal- 
lation of pressure meters at isolated points of the form may well be 
supplanted by attempts to measure by strain gauges the actual stresses 
developed in structural members of the form. It is believed that simple 
electrical strain gauges are available which can be made watertight and 
which can be so supplemented as to cancel out length changes arising 
from temperature changes. 
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Tests of Gasoline-Resistant Coatings* 


By J. C. PEARSON 


Member American Concrete Institute 


SYNOPSIS 


Coatings that may serve as gasoline-resistant linings for concrete 
storage tanks are tested by applying them to small concrete containers 
and sealing the latter with plate glass covers drilled with small holes 
convenient for stoppering. Containers are filled with aviation gasoline 
and stored under constant temperature and humidity conditions. 
Periodic weighings give percolation losses and establish the degree of 
impermeability in a short period. Durability of coatings in long-time 
contact with gasoline is indicated by constancy of percolation rates. 

Among the noteworthy adaptations of concrete to new uses in the 
war emergency is that of providing storage tanks for aviation gasoline. 
This development probably got its start in the scarcity of steel plates 
and the abundance of concrete materials, but it would have amounted 
to little without the contribution from two comparatively recent advances 
in design and treatment: (1) The use of pre-stressed reinforcement to 
minimize cracking; (2) the development of gasoline-resistant coatings 
based on synthetic resins or plastics. Both these items appear to be 
essential to the successful storage of gasoline in concrete tanks, but the 
latter in particular is what Vitruvius might have called a sine qua non. 
No type of concrete known to the writer can be made impervious enough 
in itself to hold gasoline without excessive losses, and, from the chemical 
viewpoint, concrete is not a suitable material to have in direct contact 
with aviation gasoline. A coating or lining for the concrete is therefore 
absolutely necessary, and it must not only be highly impervious to 
gasoline, but must also be resistant to the strong solvent action of aviation 
fuel for a long period. 

Some years ago a simple method{ was devised in our laboratory for 
testing protective coatings of the paint or varnish type as applied to 

*Received by the Institute Jan. 7, 1944. 

tDirector of Research, Lehigh Portland Cement Co., Allentown, Pa. 


t''Low Head Permeability Tests of Mortar Pots,”” Pearson and Adams, ACI Journnat, Feb., 1939; 
Proc. V. 35, p. 285. 


Variation in the haa of Mortar Pots Due to Humidity,”’ R. F. Adams, ACI Journnat, (JPP) Jan. 
1943; Proc.. V 39, p. 217 
(281) 
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concrete, and it seemed to the writer that a small contribution, both 
to the war and the post-war effort, might be made by adapting this 
method to tests of coatings designed for gasoline resistance. This 
project was undertaken, and has been carried on during the last 18 
months as a sort of side issue to the regular program of the laboratory. 
Through the cooperation of a number of producers, something has been 
learned of the merits of various coatings, and certain principles of appli- 
cation of coatings to concrete seem to have been established by our 
experience that are believed to be important. 


METHOD OF TESTING 
Small mortar or concrete pots of about three liters capacity, cast in a 
machined iron mold, were used as test tanks in these experiments. They 
were of a shape well adapted for easy painting, as shown in Fig. 1. The 
coatings were in most cases applied with a brush, and carried up over 
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the rim of the pot and down an inch or so on the outside. Before paint- 
ing, the rims were ground on a flat plate to give a true bearing for 4% x 
10 x 10 in. plate glass covers, each drilled near the center with a 34-in. 
hole. Coatings were applied according to manufacturers’ directions, and 
when thoroughly dry, the cover plates were sealed on with a Thiokol 
preparation resistant to gasoline. The holes in the glass plates per- 
mitted thorough drying of the interior by ventilation and were later 
closed with Neoprene stoppers. Seals were tested by loading the covers 
with weights and applying interior air pressure of about *4-in. of mercury. 
At the beginning the pressure test was maintained for two or three 


























TESTS OF GASOLINE-RESISTANT COATINGS 283 


hours, but in practically all cases where a drop in pressure was observed 
a leak was detected in the cover seal. Later, time was saved by brushing 
a soap solution around the junction between rim and cover, which 
immediately showed the location of the leak, if any. 

Permeability tests were started by placing 2500 ml. of ordinary motor 
gasoline in each pot, stoppering tightly, and then weighing the pot and 
its contents on a Troemner balance of 20 kg. capacity, as shown in 
Fig. 2. The balance is easily sensitive to 1 gram, but the error in weigh- 
ing on different days may be as large as 2 or 3 grams. The pots were then 


Fig. 2—Weighing concrete pot 
and contents on a Troemner bal- 
ance 





placed on shelves in a constant temperature and humidity room at 70 F. 
and 50 percent R. H., where they remained undisturbed except for 
periodic weighings. If the loss of weight was negligible after about a 
month’s observation, the regular gasoline was then replaced with 100- 
octane aviation gasoline, and the test continued with regular bi-weekly 
weighings for an indefinite time or until failure occurred, 

No doubt there are some who may look askance at these small scale 
tests, and ask whether the lack of head on the liquid does not give mis- 
leading results as applied to large tanks or whether the partial vacuum 
created by loss of liquid does not produce a “leveling’”’ effect in the com- 
parisons. While the pressure upon the liquid is definitely a factor in 
the amount of seepage or percolation, it must be borne in mind that 
the major force causing percolation is the capillarity of the concrete, if 
there is flow through the coating. This may be equivalent, according to 
Wing’s calculation,* to a liquid head of the order of 100 ft. Therefore 
small changes in pressure will have very little effect. on the loss, and 
those due to an actual head, say of 40 ft., would be expected to increase 
the losses by an amount of the order of 20 percent. On this basis it is 
not believed that the small scale tests are likely to be misleading, even 
though the results may be somewhat optimistic. 


*Discussion of Wiley & Coulson’s paper, ‘‘A Simple Test for Water Permeability of Concrete,” 8. P. 
Wing, ACI Journat, Jan.-Feb., 1938; Proc. V. 34, p. 76-1. 
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Whatever the shortcomings may be in this method of testing, certain 
advantages are quite obvious. In the prescribed storage the nearly 
constant humidity prevents any marked changes in the weight of the 
concrete containers themselves and the rate of loss can be established 
in a relatively short time. The nearly constant temperature prevents 
any marked changes in pressure of the gasoline vapor, and this avoids 
the need for yokes to hold the cover plates down, or for placing weights 
on the covers. Barring imperfect seals and loose stoppers, loss of weight 
means loss of gasoline through the coating, and as long as the rate of 
loss is small and fairly constant, it is a measure of the permeability of 
the coating under the imposed conditions. If, however, the rate of loss 
begins to increase at any time, it is an almost positive indication of 
coating deterioration, and visible failure may be expected to occur sooner 
or later thereafter. In carrying out this simple program it is apparent 
that most of the effort consists in preparing the concrete surfaces of the 
containers and applying the test coatings. After the tests are under way 
the time required by each test unit amounts to only a few minutes per 
month. 


PAINTING TECHNIQUE 


Most of the coatings tested were of the paint or varnish type, and 
the majority of them were quick-drying. Several coatings requiring 
curing at elevated temperatures were offered, but were declined on the 
ground that field applications of this type would be impractical, or at 
best difficult to cure properly. In large scale work spraying should be 
expected to give better results than brush application, but lack of suitable 
spraying equipment and the fact that the test units were small seemed 
to be sufficient reason for sticking to hand-brushing. In one or two 
cases where an opportunity occurred to compare the same coatings 
applied by the two methods, there was no appreciable difference in the 
results obtained as indicated by percolation tests. 

In some earlier work of this character a considerable number of coat- 
ings had been applied to 1:4 mortar pots of the type described herein, 
in which the objective was to determine their resistance to low concen- 
trations of acetic and lactic acids. In this work it was found almost 
impossible to get reasonably impermeable coatings, even with five or 
more coats. Coatings that were perfectly resistant to the acids in them- 
selves failed obviously from the presence of minute pin-holes, the exist- 
ence of which was further indicated by the fact that the pots could 
rarely be made to hold water without considerable loss. The manner 
in which these pin-holes tend to form in a paint coating applied to a 
mortar surface is not perfectly clear, but they appear to be caused by 
gas pressure in the small voids close to the surface. This idea is supported 





























TESTS OF GASOLINE-RESISTANT COATINGS 285 


by the fact that the pin-holes are not readily eliminated by subsequent 
coats, which would hardly be the case if they were caused by suction. It 
seems more likely that the pressure of entrapped air produced by the 
solvent absorbed from the paint coating, or even the vapor pressure of 
the solvent itself, causes minute blow-holes, the process tending to 
repeat itself when additional coats are applied. 

Whether this theory of pin-hole formation is correct or not, the diffi- 
culty was largely overcome by application of neat cement grout to the 
surfaces before painting; usually two coats were applied on successive 
days, followed by a week’s damp curing. Naturally the higher the 
quality and density of the concrete surfaces, the less the need for the 
grout coating, but we are inclined to consider this grout application as 
an essential part of the surface treatment when the highest degree of 
impermeability is required, as it is in containers designed to hold aviation 
gasoline or acid solutions. However, the very smooth surface of the 
grout coating does not help the adhesion of the paint coatings, and it 
therefore seems wise to specify that the grouted surface be well etched 
with a 1:4 or 1:5 solution of hydrochloric acid, this to be followed, of 
course, by thorough washing with water. For most coatings the washing 
treatment must be followed by thorough surface drying, but this is not 
necessary when coatings of the latex or emulsified resin type are to be 
used. Some of these paints with water vehicles give excellent resist- 
ance to high octane gasoline, and they have at least the advantage of 
not requiring a dry surface for application. 

One more point is worth mentioning, particularly in regard to paints 
thinned with organic solvents. No matter how carefully the concrete 
or grouted surface may be prepared for painting, the solvent in the 
paint begins to be absorbed immediately by the ultra-fine pore structure 
of the hardened cement. This displaces the air in the pores, which 
naturally takes the path of least resistance, and this is generally toward 
the surface and against the coating. Depending upon the amount and 
the rapidity of absorption, this action tends to produce minute bubbles 
in the coating, and unless they are promptly eliminated they may form 
craters or pin-holes. In our experience, the best assurance of avoiding 
this trouble is to apply two or three light priming coats, in which the 
paint is highly thinned with suitable solvent, usually in the proportion of 
1 part paint to 1 part solvent—more or less, depending upon the “‘body”’ 
of the paint. In this manner penetration is rapid, air is quickly expelled 
from the surface and most of the bubbles will appear in the first coat and 
will break of their own accord or can easily be brushed out before the 
coating is dry. A second thinned coat can generally be applied within 
an hour or so, and if only a trace of bubbles appear, there will be little 
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likelihood of recurrence when subsequent coats are applied. When this 
second priming coat has dried the surface should generally be in satis- 
factory condition for application of the undiluted paint. This treatment 
may seem unnecessarily meticulous, but we believe that the precautions 
mentioned should be taken when complete continuity is to be insured 
in the finished coating. Here again the emulsified resin paints may have 
some slight advantage in that there is little or no air in the pre-wetted 
concrete surface to blow back and form bubbles or pin-holes. 


MATERIALS AND SOURCES 


No particular effort has been made in this study to procure all the 
materials on the market that might qualify as gasoline resistant coatings. 
However, an attempt has been made to obtain samples of most of the 
materials that have been advertised as being in this category, and an 
invitation is hereby extended to anyone who produces or knows of 
suitable materials other than those listed herewith, to bring them to the 
writer’s attention. The cooperation that manufacturers and formulators 
of these materials have given thus far is much appreciated, and their 
willingness to cooperate has been quite remarkable, considering the 
pressure of war business, and the restrictions upon supplying many of 
these products. The following list (Table 1) of companies and products 
which have been furnished also contains the names of certain manu- 
facturers of basic materials who contributed helpful information regard- 
ing types and sources of suitable coatings: 


TABLE | 
Manufacturers and formulators Samples submitted 
American Pipe & Construction Co., Amercoat Solution No. 3D Prime 
P. O. Box 3428, Terminal Annex, “ 15 No. 23 Enamel 
Los Angeles 54, California. “3 g No. 4 Seal Coat 
Bakelite Corp. Carbic Resin Emulsion No. KF-708 
30 East 42nd St., 
New York, N. Y. 
Boston Woven Hose & Rubber Co., Thiokol FA Sheeting 
Box 1071, BH 549 Cement 


Boston 3, Mass. 
Carbide & Carbon Chemicals Corp., 
30 East 42nd St., 
New York, N. Y. 
Carbozite Corp. Carbo-Petro-Non-Solv 
First National Bank Bldg., 
Pittsburgh, Pa. 


Devoe & Raynolds Co., Inc., Concrete Primer Md 352 
44th St. & Ist Ave., Intermediate Coat MD 353 
New York, N. Y. Seal Coat MD 354 

Dow Chemical Co., Saran F-120 


Midland, Michigan. 
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Manufacturers and formulators 
E. I. Du Pont de Nemours & Co., 
Electrochemicals Dept., 

Niagara Falls, N. Y. 
Durez Plastics & Chemicals, Inc., 
North Tonawanda, N. Y. 
General Latex & Chemical Corp., 
666 Main St., 
Cambridge, Mass. 

Goodyear Tire & Rubber Co., 
Akron, Ohio. 


Alfred Hague & Co., Inc., 
227 34th St., 
Brooklyn, N. Y. 

A. C. Horn Co., 

Long Island City, N. Y. 

Montgomery Bros., Inc., 
Penrose Ave. & Packer St., 
Philadelphia, Pa. 

New Method Varnish Co., 
247 Prescott Ave., 
Elmira, N. Y. 

Resistoflex Corp., 
Belleville 9, N. J. 

Stoner-Mudge, Inc., 

2000 Westhall St., 
Pittsburgh, Pa. 

Thiokol Corp., 

780 N. Clinton Ave., 
Trenton, N. J. 

United Chromium, Inc., 
Waterbury, Conn. 
United States Rubber Co., 
Rockefeller Center, 

New York, N. Y. 

U. 8. Stoneware Co., 

Akron, Ohio. 


(Table 1 continued) 


Samples submitted 
Polyvinyl Alcohol RH-349 
™ RH-393 


Durez Liquid Resin 50,801 
Formulation S-32-B Black 
Concrete Adhesive S-805-F-89 


Resoweld Paint PLIF11 
6 “ PLIF14 


Oilfoil “‘A’”’ 
“ce “BR” 
Thiokote C-206 


L.ino-Coat 


Resistoflex A-629 
Special Concrete Coating Solution 
Thiokol Latex S-1347-G Prime 

”  $-1348-G Finish 


Ucilon F Gray 


Tygon, Green TP-41 
“Clear TP-81 


RESULTS OF TESTS 


At the beginning of this investigation little thought was given to the 
possible effect of water on these coatings; in fact two or three materials 
were submitted which were definitely not resistant to water. However, 
since more or less water is always present in gasoline storage systems, it 
became apparent that the coatings should be tested with water as well 
as gasoline. Even so, the earlier water tests were sometimes made on a 
coating comprising a smaller number of applied coats than the corres- 
ponding one tested for gasoline resistance, and not until it was discovered 
that such coatings were frequently more permeable to water than to 
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aviation gasoline was it decided that identical test units should be set up 
both for water and gasoline. Results of the water tests must therefore 
be taken with reservations, and attention will be called to this point in 
the discussion of results. 

In the following tabulation the materials are designated only by 
letters and are not directly identified with the specific materials previ- 
ously listed. The table gives the number of coats applied to each unit as 
having some bearing on the performance, the duration of the test in 
days (up to Jan. 1, 1944,) the total observed loss in weight of each test 
unit, and the rate of loss in grams per week, which is the measure of 
permeability. All units were, of course, of the same size, and as a matter 
of record, the area of the coating in contact with the liquid was very 
approximately 0.79 sq. ft., while the area exposed both to liquid and 
vapor was very nearly 1.0 sq. ft. A considerable number of coatings 
that were tested and which failed quickly are not listed; the two gasoline 
failures recorded are the only ones to date that were not indicated in the 
preliminary test with ordinary motor gasoline. 

Rates of loss were determined by plotting the cumulative loss curve 
for each test and determining the slope of the curve over a considerable 
period prior to Jan. 1, 1944. In the great majority of cases, the loss 
curves were straight lines, disregarding the small fluctuations from errors 
in weighings and minor humidity changes. In fact, many of the loss 
rates were essentially constant from the start of the test. 


DISCUSSION OF RESULTS 


It is apparent from Table 2 that many of the coatings show very low 
permeability to high octane gasoline, so low in several cases one cannot 
be certain that the losses are entirely due to percolation through the 
coatings. This is rather remarkable, considering that there are probably 
about ten different types of coating materials represented in the tests. 
This is an estimate only, for information was not usually furnished as to 
coating composition. Furthermore, none of the materials used in the 
gasoline tests (with the exception of Coating D) has shown any positive 
sign of deterioration to date, over periods of exposure varying from one 
month to one year. This statement is based entirely on constancy of 
percolation rates, as the coatings cannot be examined closely without 
breaking the cover seals and emptying the pots. On the other hand, 
the slopes of some of the loss curves seem to be decreasing slightly as 
time goes on, and one might infer that the corresponding coatings are 
improving rather than deteriorating. Just what the significance of 
these changes is cannot be stated with certainty at this time. 

One of the unexpected results from this series of tests was the belated 
discovery that some of the coatings appear less resistant to water than 
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TABLE 2—DATA OF THE PERMEABILITY TESTS 


Liquid: Data as of January 1, 1944 
Water 
(W), or Total 
Number Aviation | Days | Loss in 
of Coats Gas Under, Wght., Rate of Loss, 
Coating (AG) Test g. grams per week 
Prime!) Body) Seal 
A-155 11 (a) AG 361 S4 1.8, constant over entire period 
B-149 13(b) AG 361 16(c) |-0.1, decreasing slightly(?) 
C-158 l 5 3 AG 361 38 0.6, decreasing slightly 
D-117 3 AG 196(d)| 88 6.2,at end of test, (failure) 
DD-150 5 AG 133(e)| 53 24, at end of test (failure) 
B-152 4 AG 339 55 0.8, decreasing slightly 
F-153 i 3 AG 333 34 0.6, decreasing slightly 
G-154 1 AG 226 14(c) | -0.2 
H-138 l l l W 249 51 1.9 
H-139 2 2 2 AG 207 2(c) 0.1 
[-140 l | W 213 35 0.9, constant over entire period 
[-141 3 l AG 171 22 0.8, decreasing slightly 
J-142 3 | W 200 26 0.9, constant over entire period 
J-143 | 3 3 AG 171 30 1.1, decreasing slightly 
K-144 | 1 2 AG 157 12 0.1 
K-118 | 3 | 3(f) W 152 77 3.2 
L-68 | 2 4 AG 109 5(c) 0.1 
M-74 {| 2 ! AG 109 i) 0.1 
N-75 | 2 3 AG 109 s 0.6 
N-76 2 2(g) W 106 5 8.0, at end of test (failure) 
OP-59 | Membrane 
cemented on AG 109 9) 0.6 
P-64 j W 144 71 3.4, constant over entire period 
()-145 2 1 W a a 1.5, (Approximate only) 
()-146 2 1 RG(h) 39 2(c) |0.0,( “ ane 


a. Six coats were first applied with unsatisfactory technique. High loss rates were observed both with 
water and regular gasoline. Five more thin coats were applied prior to testing with aviation gasoline. 


b This pot first given 8 coats and tested with water. On account of rather high loss rate, pot was 
emptied, cleaned and given 5 more coats before starting gasoline test 
e Negative sign indicates gain in weight, probably due to slow absorption of atmospheric moisture by 


concrete 

d. Beginning of failure indicated about May 11, 1943. Test continued 49 days thereafter. 

© Coating retained gasoline without loas for 98 days; failure was rapid thereafter 

f. On account of initial high rate of loss, pot was emptied after 28 days, cleaned and given two addi- 
tional coats. Loss thereafter was still high, but without apparent deterioration of coating 

Z Increasing rate of loss at 42 days indicated coating deterioration Pot emptied, cleaned and given 2 
additional coats, which eventually failed about December 15, 1943, after 106 dave 

h Rate given for initial 35 day test with regular gasoline. 


to high-octane gasoline. Coating N has shown excellent resistance and 
low permeability to gasoline, but it disintegrated in water. This was 
quite unexpected, whereas Coatings D, E and G were known to lack 
water resistance and were not tested with water. Coating H shows higher 
permeability to water than to gasoline, which may be due to fewer coats 
in the former case. Coatings I and J seem to hold water and gasoline 
equally well. For Coating K the rate of water loss was distinctly higher 
than that of gasoline. Coating Q seems somewhat more permeable to 
water than to gasoline, but the test with aviation gasoline had not been 
started when this record was compiled. As stated previously, these 
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water tests appear to be important and further attention should be given 
them. 


CONCLUDING REMARKS 


It is believed that the resistance of a number of types of concrete 
coatings to aviation gasoline has been sufficiently demonstrated by the 
small scale tests described herein to indicate that concrete is now a 
very suitable material for either large or small gasoline storage tanks, 
particularly those which are to be placed underground. The advantage 
of a material practically immune to corrosion is obvious, and suitable 
coatings to prevent percolation losses and deterioration of gasoline are 
now available from numerous sources. It should be realized, too, that 
coatings which will stand up under exposure to high octane gasoline 
should be suitable for any other light petroleum fuel, such as regular 
gasoline, kerosene, diesel fuel, ete. An opportunity is therefore at hand 
for concrete products manufacturers, as well as contractors specializing 
in tank construction, to make use of these new materials and see what 
can be done to bring the cost of concrete tanks to a level which will 
enable them to compete with other materials. There seems to be a 
fair chance that this war baby may, with proper nourishment, grow 
strong and healthy in the days to come. 


Discussion of this paper should reach the ACI Secretory, in triplicate, 
by April, 1, 1944, for publication in the JOURNAL for June 1944. 
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Discussion of a Paper by J. C. Pearson: 
Tests of Gasoline-Resistant Coatings* 


By H. S. MEISSNER and AUTHOR 
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About a year and a half ago, the Bureau of Reclamation laboratories 
were asked by a defense agency to assist in the design of a concrete tank 
to hold high-octane aviation gasoline. The following questions were 
propounded at that time: (1) Will concrete suffer, or disintegrate, when 
contacted by aviation gasoline? (2) Is concrete permeable to aviation 
gasoline, and if so, what are the permeability rates? (3) Will high-octane 
gasoline deteriorate when stored in concrete tanks? (4) If gasoline is 
affected by contact with concrete, what types of lining, other than metal, 
are-suitable for application to the inside of concrete storage tanks, with- 
out deteriorating the gasoline or being themselves affected by it? 


Although the literature that was consulted on the subject indicated, 
for the most part, that concrete or mortar would not be damaged by 
contact with gasoline, to answer the first question, standard 2-in. mortar 
cubes and briquets, fabricated according to A.8S.T.M. C109-37T and C77- 
40, were immersed in high-octane gasoline to determine if their strengths 
would be thereby affected. They were fog-cured for 7 days prior to 
immersion in gasoline and their strengths at successive periods compared 
to companion specimens, which were sealed in tight-fitting metal con- 
tainers at 7 days age and thereafter kept at the same temperature as 
those in the gasoline. From Table A one may conclude that storage in 
gasoline had no effect on this mortar. 


2 by 2 x 10-in. bars with gauge points set in their ends were also 
made from the C109-37T mortar and cured in the same fashion as the 
cubes and briquets, observations being made for changes in length. 
After 52 weeks a shrinkage of 0.013 per cent was noted for the specimens 
immersed in gasoline and 0.027 per cent for those sealed in metal con- 
tainers. 


*ACI Journau Feb, 1944; Proceedings V. 40, p. 281. 
TtCivil Engineer, Materials Laboratories, U. 8S. Bureau of Reclamation, Denver, Colo. 
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TABLE A 


Type of Cure _ Strength psi at age—In days 





14 28 90 180 270 360 
(Tightly scaled in metal con- 


Comp. Fe Se USE Siinean ss Saeco. .| 3800 | 4335 | 5585 | 5815 | 6100 | 5865 
Strength Immersed in high-octane gas- 
oline....................--| d¢10 | 4240 | 5375 | 5790 | 6335 | 6335 
‘Tightly sealed in metal con- 
Tensile | tainers. .| 455 | 520 | 510 | 490 | 565 | 560 
Strength | Immersed in high-octane gas- 
A: Se a fee 460 510 540 540 495 


Tests for the permeability of concrete to aviation gasoline were made 
in an apparatus illustrated in Fig. A, so constructed as to produce and 
measure the flow of gasoline through a 6-in. diameter concrete cylinder 
6 in. long under considerable pressure. The pressure was secured by 
releasing highly compressed air through a pressure regulator. Contact 
between the air and gasoline, which would have created an explosion 
hazard, was prevented by interposing a reservoir of water between the 
two. The concrete specimen was sealed within the permeability cell 
with a glycerol-phthalate resin which is reputed to withstand petroleum 
solvents. Gasoline flowing through the specimens was collected on its 
upper surface and thence conducted to a catch bottle where the outflow 
readings could be compared to inflow registered on the water reservoir. 


Average results secured with this apparatus are illustrated in Fig. B, 
for both 100 octane aviation fuel and for water, on concretes composed 
of 114-in. maximum natural aggregate containing 37 per cent sand in 
three mixes of 1:5.8, 1:6.5, and 1:7.2 by weight, using water-cement 
ratios of 0.50, 0.55, and 0.60. The concretes were cured 28 days in a 70 F. 
fog room before beginning the permeability test. It will be observed that 
flow through the concrete decreased with the passage of time and that 
the pressure used to produce flow was increased at intervals in order to 
produce measurable flows. High permeability rates were found for 
gasoline at the beginning of the tests, but these decreased rapidly until 
the flow of gasoline became less than that for water. Such decrease with 
the passage of time conforms with previous findings published by Ruett- 
gers, Vidal, and Wing* on water permeability tests. However, some 
question arose as to whether the resin seal might not be acted upon by 
aromatics in the high-octane gasoline, forming gums which would lodge 
in the concrete and thus decrease its permeability. 





*°An ning ge of the Permeability of Mass Concrete with Particular Refere po ” he ler Dam,”’ 
A. Ruettgers, E. N. Vidal, and S. P. Wing, ACI Journat, Mar.-Apr. 1935; Proc. V. 382. 
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Accordingly, a new series of permeability tests were made in a revised 
apparatus shown in Fig. C, using a hollow, cylindrical concrete specimen. 
What little seal was required between the specimens and the cover 
plate was effected with a Neoprene gasket. In order to minimize flow 
of gasoline through the top of the specimen, this surface was coated with 
commercial gasoline resistant gasket compound, which was, however, 
later found to yield some solubility in aviation gasoline. The specimen 
was enclosed in a sheet metal cover to confine the gasoline and recover 
the outflow in a catch bottle. Tests with this apparatus at 50 psi pressure 
were found to give permeability factors about 10 times greater than 
those secured in the previous tests, permeability again decreasing with 
time. Since the gasket compound was found to be somewhat soluble, 
the possibility exists that such decrease in permeability may be influenced 
by contamination of the gasoline from this source. 


In Table B, the flow data given in Mr. Pearson’s paper, together with 
some other tests found in the literature, have been reduced to a common 
expression for permeability. Since Mr. Pearson reports no flow for pots 
without coatings, but does indicate that in several instances the coatings 
had failed and were ineffective, the fourth, fifth, and twentieth results 
listed in his Table 2 are assumed to represent the permeability of con- 
crete alone. Wiley and Coulson* show figures for permeability to water 
which are very similar to Pearson’s, as are also some other tests reported 
on the “Hydrowall’’t system for building concrete storage tanks for 
petrol, using two concentric walls with water between. Comparison of 
these permeability rates with those conducted in the two types of appar- 
atus pictured in Fig. A and C reveal that the pressure tests give much 
less flow. As Mr. Pearson points out, capillarity is the major force caus- 
ing percolation through the walls of the concrete pots used in his and the 
Wiley and Coulson tests. The ‘‘Hydrowall’”’ tests are insufficiently 
described, but since they were made on an 8-in. wall, it may be assumed 
that one side of the wall was dry, or exposed to evaporation. And it is 
felt that the difference between the two types of tests is related to this 
condition. 


Capillary forces are due to the formation of meniscuses, and their 
resulting contact angles with the walls of the capillaries. If the concrete 
is saturated and both surfaces of the concrete are completely wetted, 
these forces cannot be set up. If, on the other hand, one surface is dry 
or subject to evaporation capillary flow will occur. Such conditions exist 
in the mortar and concrete pot tests of Pearson, Wiley, and Coulson, 
undoubtedly in the Hydrowall tests, and to some extent in the apparatus 








*‘A Simple Test for Water Permeability of Concrete,’ George Wiley and D. C. Coulson, ACI Journat, 
Sept.-Oct. 1937; Proc. V. 34, p. 65. 
tT‘ Reinforced Concrete Petrol Tanks’’—Anon.; Concrete and Constructional Engineering, July 1940. 
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of Fig. C. In Fig. A, however, it will be noted that the liquid must 
collect on the top surface of the specimens, forming a film which would 
prevent transpiration at this surface and make capillary forces imopera- 
tive. The apparatus of Figure C will allow some evaporation to take 
place, supplementing flow under hydrostatic head with capillary forces. 
That such combined forces produce higher permeability than secured 
with hydrostatic pressure alone appears to be evidenced in Table B. 
The flow induced by transpiration on hollow concrete specimens is not 
as great as the pot type specimens since evaporation is much reduced 
by the confining sheet metal cover over the apparatus. The high value 
reported for gasoline permeability in the Hydrowall test is also thought 
to be explained by the early age of the test, which conclusion will appear 
reasonable after again referring to Figure B. 


Judging from the results of the transpiration type of test, it is ques- 
tionable whether unlined concrete tanks for the storage of aviation gaso- 
line are feasible when constructed above ground. If buried, so that 
evaporation of liquid at the outside surface of the concrete walls is re- 
stricted, losses from such a tank may not be excessive. 


Regardless of any conclusion that may be reached concerning the 
ability of unlined concrete to successfully hold gasoline, assurance that 
the concrete would have no effect on the stored gasoline would need to 
be established before it could be considered satisfactory for this purpose. 
Inquiries, directed to oil companies, trade associations, and public agen- 
cies disclosed that the most significant effect of contact between gasoline 
and concrete would be the destruction of gum inhibitors contained in the 
gasoline. These inhibitors or antioxidants are added to gasoline to 
improve its storability and postpone the appearance of gum, an oil- 
insoluble substance remaining after the gasoline is evaporated. This 
gum may form through polymerization of unstable substances in the 
gasoline and deposit itself in such places as on butterfly valves of the 
‘arburetors and on inlet valve parts, causing sticking, clogging, and con- 
tributing to engine failure. Antioxidants protect the gasoline from such 
deterioration, but are themselves prematurely subject to destruction in 
the presence of alkalies which are easily released from the cement in 
concrete. 


Inasmuch as it was anticipated that action of the concrete would be 
deleterious, search for a suitable lining material for the concrete was 
begun. This problem was made difficult by the variety of solvents which 
a lining must resist, viz., alkaline water from the concrete, and aviation 
gasoline which may be enriched by the addition of aromatic fuels. In- 
quiries to several manufacturers of protective coatings resulted in the 
recommendation and submission of a score of materials, many of which 
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TABLE B—PERMEASBILITY OF CONCRETE TO GASOLINE AND WATER 


As determined by various investigators. 
Elapsed |Permeability—cu. ft. 
Investigator Description of Time sq. ft. per yr.x10*, at 
Specimens Days | unit gradient 


WATER TESTS 


Pearson | Pot— Mortar (%" max.) 106 16.6 

Bureau of Reclamation) 6”x6” cyl.—Conce. (1144” max.) 106 0.2 

Wiley & Coulson Pot—Conce. (%%" max. ) 28 83.1 

Bureau of Reclamation| 6”x6” cyl.—Cone. (114” max. 28 0.2 

Hydrowall Tests 8” wall—concrete Not 31.2 
given 


GASOLINE TESTS 


Pearson Pot— Mortar ( 7%" max. 196 35.7 
Pearson ee = ” 33 138.4 
Bureau of Reclamation) 6”x6” cyl.—Cone. (1144" max.) 50 0.2 
= ” ” | Hollow Specimen—Conc. 
(114” max.) 50 3.2 
- - a | 6"x6” cyl.—Conce. (114” max. 2 5.0 
- . ia | Hollow Specimen 2 10.5 
Hydrowall 8” wall—Concrete 2 4170.8 
TABLE C—GUM FORMATION IN AVIATION GASOLINE 
Values in milligrams per 100 ml. of gasoline. 
Jas = 
2 months 4 months 8% months 2 months 
Coating Number Vis. Pb.| Pot | Vis. Pb.| Pot Vis. Pb.| Pot | Preformed 
Ppt. gum Ppt. gum Ppt. gum gum 
Concrete (water absent 29.1 9.2 31.1 13.9 24.7 9.8 1.0 
Concrete (water present) 71.3 | 29.0 90.9 | 59.5 
28.0 31.8 70.2 28.7 44.2 24.6 
2 0.0 3.4 0.0 2.0 8.4 6.3 3.6 
4 0.0 2.3 0.0 2.4 0.0 2.0 2.0 
5 0.0 14.3 Trace | 15.1 |Disintegrated 
9 0.0 3.5 0.0 2.8 0.0 2.5 1.0 
lla 6.7 9.2 8.9 32.1 31.6 
l4a 0.0 4.6 0.9 6.4 15.2 


are recognized in Mr. Pearson’s Table 1. These were given a preliminary 
test by applying them to small mortar bars and according to manufac- 
turer’s directions, immersing these bars in a blend of 60 per cent 100- 
octane gasoline, 20 per cent toluene, 15 per cent xylene, and 5 per cent 
benzine. At intervals, samples of the blended fuel were taken and the 
amount of preformed gum determined, according to A.S.T.M. Designa- 
tion D381-42, Standard Method of Test for Gum Content of Gasoline. 
This test determines the amount of gum existent in gasoline at the time of 
test and is indicative of the amount of gum deposition which would take 
place in service. It consists of rapidly evaporating a sample of the 
fuel under carefully controlled conditions and weighing the residue 





| 








TESTS OF GASOLINE-RESISTANT COATINGS 292-7 


obtained. Obviously, this will include any nonvolatile matter dissolved 
from the coatings. The last column of Table C lists typical results 
secured after the coated bars had been stored for two months in the 
gasoline. The first value in this column represents the effect of an un- 
coated concrete bar. Observations were simultaneously made on the 
condition of the coatings, many of them showing blisters, discoloration, 
and softening. 


Those coatings which passed the preliminary test were applied to 
12-in. diameter by 11-in. high concrete crocks, which were then filled 
with 100-octane gasoline. Two crocks were left uncoated, one of them 
containing an inch of water under the gasoline and the other without 
water. The lined crocks all contained an inch of water, since water is 
eventually present in any gasoline storage tank open to the atmosphere. 
In Table C are presented the values for potential gum and visible lead 
precipitate obtained on samples of gasoline withdrawn from the tanks 
at intervals and tested according to the ‘‘Proposed Method for Potential 
Gum in Aviation Gasoline.’’* This determines the stability of gasoline 
by accelerated oxidation in a bomb at high pressure and elevated tempera- 
ture. After this exposure, the gasoline is filtered and evaporated. Some 
specifications for aviation fuel limit the visible precipitate and the gum 
residue to 5 and 6 mg, per 100 ml., respectively. 


It is evident from Table C that concrete damages the gasoline and in 
the presence of water, the action is more pronounced. Coatings differ 
in the degree of activity they display toward aviation gasoline; some are 
obviously ill suited for service as concrete tank linings, but others show 
themselves to be very inert to gasoline. Linings numbers 4, lla, and I4a 
have actually been employed on concrete tanks with apparent success 
to date. Attention is directed to the high amounts of preformed gum 
found in the cases of lla and 14a when an enriched blend of gasoline is 
exposed to contact with them. 


In judging the effect of contact between gasoline and the various 
coatings, it is pointed out that the contact area per gallon is much greater 
in the above described laboratory tests than will be found under field 
conditions. This makes the laboratory test much more severe than 
actual conditions and furnishes a means of accelerating any action, Also, 
the indication of solubility, or preformed gum, in the tests on some coat- 
ings may be insignificant for a large storage tank. Storage of gasoline 
in unlined tanks quickly destroys the gum inhibitors and it is concluded 
that their use is not permissible except for live storage. Water in the 
bottom of an unlined concrete tank increases the deterioration over 
that in a dry tank. 


*Appendix III of Committee D-2 Report, Proc, A, 8. T. M., Vol. 42, p. 321 
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AUTHOR'S CLOSURE 


Mr. Meissner’s discussion is very helpful in emphasizing that a number 
of things besides permeability have to be considered in the problem of 
storing aviation gasoline in concrete tanks. However, his permeability 
tests disclose a remarkable reduction in the rate of flow of gasoline through 
concrete with time, a phenomenon which could hardly be predicted 
without experience to show that this actually happens. Aviation gaso- 
line passed through our uncoated pots so readily that no attempt was 
made to determine whether they would tend to seal themselves in time, 
and it is my impression that the values for permeability given in Mr. 
Meissner’s Table B for the two pots which failed in the aviation gasoline 
tests are much too small as applied to uncoated pots. 


Possibly this whole matter is somewhat academic if gum formation 
precludes the use of uncoated concrete in practice, but there still seems to 
be some possibility of practical value in a sealing action that takes place 
slowly when on account of pinholes or slightly permeable membrane 
effects an otherwise good coating is not perfectly tight. It was noted 
in the paper that a number of coatings having low permeability to 
aviation gasoline were showing slightly decreasing rates of leakage at 
the time the paper was written. It was stated also that the significance 
of these decreasing rates was not clear, but Mr. Meissner’s tests may 
have furnished a reasonable explanation. At any rate it will be seen 
from Table 2 in the paper that in all cases where decreasing rates of 
permeability were noted, the tests had been under way for at least five 
months. 

From the data in Mr. Meissner’s Table C, it seems rather important 
that the solubility of coatings in aviation gasoline, at least when aviation 
gasoline is to be stored, be known. Most coatings would presumably be 
much less soluble in regular gasoline, and therefore not a source of worry 
for many types of commercial storage, if they had previously shown 
stability in tests with 100-octane gasoline. 

Finally I would like to call the attention of those interested in the 
possibilities of conerete tanks for light fuel storage to the significance of 
Mr. Meissner’s closing paragraph. It is quite true that the small scale 
laboratory tests magnify the indications of permeability, solubility, gum 
formation, etc., as applied even to moderate-sized commercial tanks. 
Thus as a crude example, one might find that gasoline leakage from a 
laboratory cubical test tank 1 foot on edge was 1 per cent of its capacity 
in a 6 month’s test, whereas a similar tank 5 feet on edge, having the 
same rate of loss per square foot of surface, would lose only 1/5 of 1 per 
cent of its capacity in the same time. In general the magnitude of any 
factor relating to storage of liquid fuel and depending upon exposed 
tank surface diminishes with increasing size of tank. 
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SYNOPSIS 


Specifications for Shasta Dam and Power Plant being built on the 
Sacramento River near Redding, Calif., by the Bureau of Reclamation, 
incorporated a new method for treatment of horizontal construction 
joints. The method required a 2-in. covering of moist sand spread on 
the concrete as soon as the surface had hardened sufficiently to with- 
stand the necessary traffic. Clean-up required before the placement of the 
next concrete lift consisted of removing the wet sand, which also served 
as a curing medium, and washing with high velocity air-water jets. 
This method was abandoned after nine months’ operation because of high 
cost of handling the sand and interruption of concrete placement sched- 
ules by use of “hi-lines’’ to distribute sand. Since abandoning the sand 
method, all joints have been cured with water sprays and wet sand 
blasted just prior to placement of the next concrete lift. 


INTRODUCTION 


Numerous schemes have been devised for the preparation of con- 
struction joints in mass concrete to prevent passage of water along the 
joints and to improve bond and shearing resistance between successive 
lifts. Prior to the issuance of specifications for Shasta Dam, a summary 
of all available information and data on construction joint clean-up 
methods was assembled and studied. This summary included data 
from many field tests initiated by the Bureau of Reclamation and con- 
ducted under field conditions on projects already under construction. 
After analyzing the available information in the light of past experience, 
it was concluded that :t 

The most desirable results, both qualitative and economic, will be obtained by treat- 
ing horizontal construction joints as follows: 

1. Do not permit placing concrete which bleeds and forms laitance excessively. 


2. Avoid excessive working of fresh concrete at construction planes. 


*Received by the Institute Aug. 29, 1043. 


tEngineer, U. 8. Bureau of Reclamation, Redding, Calif. 
TUnpublished memorandum Bureau of Reclamation, by R. F. Blanks, May 28, 1938. 
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3. After concrete is once placed, do not permit it to be disturbed until it has attained 
sufficient strength to withstand traffic. Omit initial clean-up and keyways. 


4. Keep the surface continuously moist until the next layer is placed or until suffi- 
cient hydration of the cement has been obtained. 


5. Thoroughly clean the old surface just prior to placing the next lift by (a) high 
velocity air-water jets, (b) sandblast if laitance or coatings cannot be effectively re- 
moved with water, (c) picking or wire brushing followed by washing, or, (d) by chipping 
in extreme cases where damaged or defective areas are encountered. 


6. Thoroughly and effectively broom into the old surface a layer of suitable mortar 
and immediately place new concrete. 


Specifications for Shasta Dam and Power Plant, issued early in 1938, 
specified the following treatment of horizontal construction joints: 


In completing a concrete lift, excessive working of the surface concrete shall be 
avoided and the surface shall be left rough and somewhat undulating, Disturbance of 
surface concrete at a construction joint during the early hardening period shall be 
avoided and no traffic permitted on new concrete until it has hardened sufficiently to 
withstand such treatment without injury. 


Approximately horizontal construction joints and unformed finished concrete surfaces 
shall be kept moist by covering with 2 inches of damp sand which shall be kept in such 
condition of dampness that it will protect concrete from drying out during the curing 
period. 


Immediately before placing concrete in the succeeding lift, the entire surface of the 
construction joint shall be thoroughly cleaned of all loose, defective, fractured con- 
crete, laitance, coatings, stains, debris, and other foreign material. If there is no appre- 
ciable water gain in completing a lift and the surface is left and maintained in a suitable 
condition, it is contemplated that treatment of the surface by other than high-velocity 
air-water jets will not be necessary. If loose, defective and fractured concrete, lalitance, 
coatings, stains, debris, and other foreign material cannot be removed effectively by 
air water jets, they shall be removed by wet sandblasting or wire brushing or both. 
Payments for wet sandblasting or wire brushing, or both, of surfaces of concrete lifts 
will be made at the rate of fifteen ($0.15) per square yard of surface area. 


While the treatment of construction joints as thus specified was 
primarily intended for joints in the dam, the same treatment was given 
joints in the power house where smaller size aggregate and higher slump 
concrete was used. Treatment of construction joints was governed by 
these specifications during the first nine months of concrete placement 
or until March, 1941, at which time the contractor asked permission 
to discontinue the sand curing method and wet sandblast all joints 
immediately before placing the next concrete lift. Interruptions of 
concrete placing schedules to transport and distribute sand coupled 
with high labor cost in spreading and reclaiming sand occasioned this 
request. Permission was granted and since March, 1941, all construction 
joints have been cured with water sprays, and wet sandblasted immedi- 
ately before placement of the next concrete lift. 


—E 
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Placement of fresh concrete on construction joints, either wet sand- 
blasted or sand cured, was preceded by a \%-in. layer of mortar brushed 
into the surface with wire brooms. 


Description of the two methods of clean-up and results of examinations 
of 6-in. concrete cores drilled through construction joints treated by 
the two methods comprise the substance of this report. 


SAND-CURE METHOD 


When completing a five-foot lift of concrete, the top surface, which 
formed the construction joint, was given what was called a “vibrator 
finish.”” Working or puddling the surface was not permitted and the 
surface was left undisturbed on completion of vibration. Large rocks 
were well embedded but also protruded above the surface. There was 
little if any water gain or bleeding of the 6-in. mass concrete, and the 
quantity of laitance formed on the top of a lift was not excessive. As 
soon as concrete had set sufficiently to permit traffic without disturbing 
partially embedded rocks, the block was covered with 2 inches of wet 
sand. A joint surface cured in this way is illustrated in Fig. 1. 


Curing sand was obtained from the concrete aggregate stockpiles 
and was handled through mixing plant batch hoppers, mixers, and shuttle 
ears and transported to blocks on the dam in concrete buckets via “‘hi- 
lines.” Further information on the contractor’s equipment and methods 
of handling materials may be found in an article ‘“‘“Methods of Handling 
and Placing Concrete at Shasta Dam,” previously published in this 
Journal.* Sixteen cubic yards of sand were placed on each 50-ft. by 
50-ft. block and spread evenly by hand labor. The sand was kept 
moist until its removal just prior to concrete placement. Traffic could 


aoe 


be permitted as soon as sand was placed. 


After the forms for the next five-foot lift were built, the cooling pipe 
placed and other work completed, the sand was scraped up and shoveled 
into a large “skip”? and transported to other newly completed blocks 
for re-use. Sand was re-used until it became too dirty or contaminated 
with debris. The cured concrete surface was washed clean with high 
velocity air-water jets. 

The condition of the surface immediately after sand removal appeared 
to be the same as at the time the covering was placed. It was free from 
“efflorescence” and deposits caused by carbonation or evaporation. No 
stains or coatings were observed and the surface bonded satisfactorily 
with the next lift of concrete. If the sand was removed too early and 
the block stood for more than eight hours before the next lift of conerete 


*By C. 8. Rippon, ACI Journat, Sept. 1942; Proceedings V. 39, p. 1. 
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Fig. 1—This close-up of a sand-cured horizontal joint shows that the sand cover effectively 
prevents surface alteration or contamination during the curing period of two weeks. The 
area encircled was wire brushed. 


Fig. 2—When a horizontal joint surface is cured by continuous sprinkling, without sand 
cover, a coating forms which must be removed. The central area in this picture has been 
cleaned by wire brushing. 
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was placed, the surface would turn white with a deposit which would 
form even though the block was kept continuously wet with water 
sprays. This coating could be and was removed when necessary by 
wire brushing and rewashing with air-water jets. Effectiveness of the 
sand covering in preventing surface coatings can be seen by comparing 
Fig. 1 and 2. The areas shown in the centers of the photographs were 
thoroughly wire brushed. In Fig. 2, the effect of removing the coating 
from the central area by wire brushing can easily be seen. 


In only a few cases were blocks covered with excessive laitance and 
the contractor asked to sandblast the joint or portions thereof. In 
these cases concrete was placed wet, was over-vibrated, application of 
the sand covering was delayed, or long exposure was caused by early 
sand removal. The areas sandblasted represented less than three- 
tenths of one percent of the total area of all joints sand cured. 


Deposits which formed on the surface as soon as sand was removed 
and got thicker as the length of exposure increased were always a source 
of trouble for inspectors. Much argument resulted over this point 
because of differences of opinions between inspectors themselves and 
between inspectors and contractor’s employees. It was difficult to 
judge just how much coating could be allowed before the surface should 
be sandblasted or wire brushed. This was the chief objection engineers 
on the project had to this method of joint treatment. 


At the beginning of construction of the power house construction 
joints were covered with curing sand very soon after the completion 
of the concrete placement while the concrete was still soft. Sand became 
embedded in the surface and formed a crust of sand and grout which 
would not wash off with air-water jets. Considerable picking and 
chipping was required to remove this crust. On subsequent lifts the 
placement of the sand covering was delayed until concrete had taken 
its initial set and sand could be placed without disturbing the surface. 
Although this later procedure maintained the surface in its original 
condition and prevented stains and coatings from forming, it is question- 
able whether this surface produced a joint of equal quality to the con- 
crete. It might be said that the quality of this joint is questionable 
because of the layer of inferior concrete which formed at the top of each 
concrete lift when placing and vibrating the type of concrete which 
must necessarily be placed in a structure of this type and was not re- 
moved by this method of joint treatment. 


Placement and removal of sand on construction joints in a building 
is made both difficult and costly by narrow walls, columns, reinforce- 
ment, etc. 
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Fig. 3—When this water-cured joint surface has been sandblasted it will have the sharp 
texture shown in Fig. 4. 


Fig. 4—The surface shown in Fig. 3, after wet sandblasting, is in excellent condition for 
bonding with the next lift. 
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WET SANDBLAST METHOD 


The wet sandblast method of construction joint clean-up has been 
used since March 1941. Treatment or preparation of the construction 
joint surface on completing a five-foot lift of concrete is the same as 
that described for the sand cure method. The surface is given a vibrator 
finish, excessive working or puddling is not permitted and rocks are left 
protruding above the surface as shown in Fig. 1, 2 and 3. The surface 
is kept continuously wet by water sprays which are put into operation 
just as soon as it starts to dry out. 

Forms are raised or built, cooling pipe, grout pipe, metal seals and 
other materials installed for the next concrete lift before clean-up opera- 
tions start. The concrete surface is then sandblasted, washed clean 
with high velocity air-water jets and the block is ready for concrete. 


Sand for blasting is purchased by the contractor and transported by 
rail to aggregate hoppers downstream from the dam. It consists chiefly 
of quartz, is clean and coarsely graded, the fine sizes having been re- 
moved. From the aggregate hoppers the sand is transported by con- 
veyor belt to a storage hopper just outside the mixing plant. From 
here it goes through a revolving drier, and thence to a loading hopper 
from which hopper cars are loaded. These cars transfer the sand to 
hi-line concrete buckets in which it is carried to sandblast hoppers on 
the dam. 


Sandblast hoppers consist of an 8-cu. yd. storage bin mounted above 
two 12-cu. ft. pressure receiving tanks with appropriate hose connections, 
operating valves, etc. All are constructed of steel in a compact unit 
that can readily be picked up and moved by hi-line to new positions. 
The discharge from the storage bin passes over a No. 4 screen which 
rejects sizes larger than 14-inch. The receiving tanks are equipped 
with a seal gate in the top and a variable size opening in the bottom. 
A 1\%-in. diameter pipe from the main air supply introduces air into 
the top of the tank to cause the sand to flow freely into the air stream 
which carries the sand through a 24%-in. diameter, anti-static rubber 
hose to a nozzle where water is injected. Air and water pressures are 
approximately 90 psi. Each receiving tank serves one nozzle and each 
nozzle blasts an average of 1250 sq. ft. of surface per hour, using one 
cubic yard of sand. The estimated depth of cut from the surface is 
approximately 3-in. These data are for average conditions with con- 
crete three to five days old and with normal air and water pressure. 
The amount of concrete cut from the surface is held to a minimum, 
and inasmuch as the surface is left relatively rough and not puddled 
(Fig. 2), all that is required to be removed is the coating formed because 
of exposure and the slick glaze which the surface takes upon vibration. 
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Fig. 3 and 4 provide a direct comparison of a surface before and after 
blasting. 

Blocks blasted and allowed to stand for long periods, even though 
kept continuously wet with water sprays, become coated with a deposit 
as explained under the sand cure method. This condition sometimes 
necessitates re-blasting or wire brushing just before concrete placement. 

The chief advantage of the sandblasting method of joint treatment 
is that uniform results are obtained and if the clean-up is done properly 
and at the right time, there is never any doubt or question about its 
effectiveness. 

Although no detail cost data for the two clean-up methods are available 
the contractor states that the labor and materials costs are about equal. 
The limited use of hi-lines and consequent minimum interruption of 
concrete placement schedules are large factors in favor of sandblast 
clean-up. 

TEST CORES 

Concrete cores, 6 in. in diameter, were diamond drilled through con- 
struction joints treated by the two clean-up methods described. Cores 
3, 4, 5, and 7 (Fig. 5) contained sand cured joints, and cores 10, 11, 13, 
and 14 (Fig. 6) contained sandblasted joints. Estimated joint lines are 
indicated on the photographs. Exact locations are not distinguishable 
and may vary 6 in. from those indicated. The cores were shipped to 
the concrete laboratory in Denver for observation and test. 

The cores were stored in the laboratory for 10 months and no planes 
of weakness developed in that time. Cylinders 6 in. in diameter by 12 in. 
long, containing construction joints, were cut from cores 4, 7, and 11, 
and broken in compression. The cylinder strengths were about the 
same as for sections of cores without joints. Strengths of cores 4, 7, 
and 11 were 3990, 3980, and 4120 psi, respectively. Cores 11 and 13 
were broken as beams. One broke 9 in. and one 2 in. from the estimated 
joint line. Surfaces of the breaks were examined carefully but neither 
core appeared to have failed at a construction joint. Inasmuch as 
specimens were but 6 in. in diameter and drilled through concrete con- 
taining 6-in. aggregate, strength results are not truly representative of 
the concrete as breaks were probably controlled by the location of large 
pieces of aggregate. However, they do indicate that construction 
joint bond strengths were equal to or greater than the bond strengths 
between large aggregate and mortar. 


CONCLUSIONS AND DISCUSSION 


Although the performance of the dam under actual service will be 
the most significant measure of the relative effectiveness of the two types 
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of clean-up, the following conclusions and comments may be made in 
light of present experience gained by observations during the construction 
of this project: 


1) The fundamental principle of the sand cure method of joint clean- 
up was to place the type of concrete and in such a manner that the 
surface which formed one face of the joint would be equal in quality 
to the concrete mass and then protect and maintain that surface in 
the same condition as it was when placed until the next concrete lift 
was placed. These conditions were satisfactorily met during the first 
nine months of mass concrete placement and only three tenths of one 
percent (0.30 percent) of the joints treated during this period required 
additional clean-up. 


2) Delays longer than 8-hours either in the application of the sand 
covering or before the next concrete lift after sand removal caused a 
coating to form on the surface which impaired the quality of the joint. 


3) The sand cure method was not as effective on joints in the power 
house as on joints in mass concrete in the dam. Higher slump concrete 
compacted with internal vibrators resulted in a layer of inferior con- 
crete on the top of each lift which the sand could not absorb and was 
not later removed on final clean-up. There are engineers in the field, 
and the author is somewhat in accord, who believe that there is no 
justification for any expense involved in the clean-up of construction 
joints in buildings not subject to water pressure other than thorough 
washing just before the next concrete lift. They accept the fact that a 
joint thus treated, results in a plane of weakness in the wall but which is 
of sufficient quality to satisfy the designed requirements of the concrete. 
Should a joint be required to resist water pressure then a more expensive 
clean-up could be justified or probably a metal seal would serve the 
purpose better. 


4) Narrow walls and columns heavily reinforced such as are encoun- 
tered in the powerhouse make the placing and removal of a sand covering 
extremely difficult and costly. 


5) High labor costs of spreading and reclaiming sand coupled with 
interruptions of concrete placing schedules to transport and distribute 
sand resulted in the abandonment of the sand cure method. 


6) Wet sandblasting of the old surface just prior to the placement 
of the next concrete lift produces uniform and satisfactory results even 
though ideal conditions of placement and curing do not otherwise prevail. 
This method also alleviates to a certain extent the damage to the joint 
surface caused by unavoidable traffic, water on the surface, over vibra- 
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tion, concrete variations, ete., which do exist in spite of careful inspection 
and which the sand cure method cannot remedy without supplemental 
clean-up. 

7) The location of construction joints were not discernible in 6-in. 
concrete cores containing construction joints treated by both sand cure 
and wet sandblast methods. 


Discussion of this paper should reach the ACI Secretary, in triplicate, 
by April 1, 1944, for publication in the JOURNAL for June 1944. 
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GENERAL 


10. Scope or limits 

(a) The use of precast floor systems is increasing rapidly and many 
factors, in addition to the practical utility of the product, have con- 
tributed to this growth. It is the purpose of these recommendations 
to point out in a general way that the types of precast floor units cited 
herein and made by different manufacturers in different localities through- 
out the United States, have been tested in the laboratory and in the 
field by many different engineers and have been found to give results 
agreeing with computations based on standard reinforced concrete 
design theory. It follows, therefore, that as far as design for strength 
is concerned, the precast floor should meet those requirements of the 
American Concrete Institute “Building Regulations for Reinforced 
Concrete” (ACI 318-41)f, which apply. 


(b) With respect to design for strength, i.e. for bending moment, 
bond and shear stresses, all the types referred to in 10(d) can be made to 
give test results falling within the requirements of ACI 318-41. With 
respect to cover there is, in some cases, a departure from ACT 318-41. 

*Received by the Institute Dec. 22, 1943, as approved by 8 of the 11 members of Committee 711; sub- 
sequently cleared by the Standards Committee for publication as a basis for discussion. Reference is 
made by Committee 711 to its previous report, ACI JournNnan, Jan. 1940 


tHereafter referred to as ACI 318-41 
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Justification for such departure is based on the greater refinement in the 
finished product, both as to dimensions and to quality, when made by 
factory methods and with factory control than with methods and control 
now and then practiced in the field. 


(c) Section 103(a), ACI 318-41f, recognizes and makes provision 
for special systems of reinforced concrete. With reference to precast 
floors its provisions may be invoked where necessary by the manu- 
facturer, architect, engineer, building inspector, builder or owner, where- 
ever this report is silent. 


(d) Two distinet types are now manufactured: 
1. I-beam type, with either cast in place or precast slab. (Fig. 1) 
2. Hollow core type (Fig. 2) 


Others are of channel shaped cross section often used as roof slabs, 
and the orthodox rectangular beam. Standard reinforced concrete 
theory is applicable to all. 


(e) Prestressed steel may be used in any of the types mentioned in 
section 10(d). When used computations for stresses moments and allow- 


See appendix hereto. 
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able loads shall be in accord with the theory outlined in ‘‘Prestressed 
Concrete, Design Principles and Reinforcing Units’, by Herman Schorer* 
or in a more condensed article by the same author in Reinforced Concrete 
No. 6 (Portland Cement Assn.). 


20. Materials, aggregate and steel 
(a) High-early-strength concrete is recommended, but whatever 
cement is used shall conform to the current standards of the A.S.T.M. 


(b) Concrete aggregates shall conform to the “Standard Specifica- 
tions for Concrete Aggregates’? (ASTM Serial Designation: C33-41), 
provided, however, that aggregates which have been shown by test or 
actual service to produce concrete of the required strength, durability, 
water-tightness, fire-resistance, and wearing qualities may be used under 
Section 302(a) Method 2, ACI 318-41ft where authorized by the Com- 
missioner of Buildings. 


(c) The maximum size of the aggregate shall not be larger than one- 
third of the narrowest dimension between sides of the forms of the mem- 
ber for which the concrete is to be used nor larger than three-fourths of 
the minimum clear spacing between reinforcing bars and sides of the 
forms except that where the concrete is placed by means of high frequency 
vibration the maximum size of the aggregate shall not be larger than 
one half the narrowest dimension between sides of the forms. 


(d) In the unprestressed types, the steel in the joist or floor units 
shall be intermediate grades Billet-Steel Concrete Reinforcement Bars 
(ASTM Serial Designation: A15-39) or Rail Steel Concrete Reinforce- 
ment Bars (ASTM Serial Designation: A16-39) for all bars 4% in. or 
more in diameter. Reinforcement smaller than 4% in. diameter shall 
be cold drawn steel wire (ASTM Serial Designation: A82-34). 


(e) In prestressed joist or floor units, the steel shall be of high tensile 
strength with an allowable prestress of 60 percent of the yield point stress. 


21. Strength of concrete 

(a) Conerete for floor units made of sand and gravel aggregate and 
of a span of 12 ft. or more shall have a compressive strength of not less 
than 4000 psi. at 28 days when tested in accordance with the applicable 
current standards of the ASTM. 


(b) For roof slabs or for floor units made of light weight aggregate 
lower compressive strengths may be permitted where the unit stresses 
used in design for strength and bond will satisfy the requirements of 
paragraph 22(a) of these standards. 


*ACI Journnat, June 1943: Proceedings V. 39. 
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22. Unit stresses in concrete and reinforcement 

(a) The allowable unit stresses in the concrete should conform to 
the requirements as set forth in Section 5(a) and Table 305 (a), ACI 
318-41f. 


(b) The allowable stresses in the steel should conform to the re- 
quirements set forth in Section 306(a), ACI 318-417. 


23. Concrete protection for reinforcement 

(a) Precast floor and roof units made of high quality factory con- 
trolled concrete may, when used in locations protected from the weather 
or moisture and with minimum fire hazards, be approved with 5-in. 
concrete cover for the reinforcing provided, however, that the concrete 
cover in all cases shall be at least equal to the diameter of round bars 
and one and one-half times the side dimension of square bars, and pro- 
vided that to insure exact final location to the steel, positive and rigid 
devices for that purpose are employed in the manufacturing process. 
When the precast-members are exposed to weather, moisture or fire 
hazard the protective cover shall be increased to conform with section 
507, ACI 318-41. 


30. Manufacture 

(a) The finished product should be free of honeycomb or rock pockets. 
The mix, the gradation of the aggregate and the workability shall be 
such as to insure complete filling of the form and continuous intimate 
bond between the concrete and all steel. To assist in attaining the 
latter, vibration is recommended, but any method which will meet the 
stated requirements and with the strength as required in unit beams or 
slabs or in the finished floor, is acceptable. 


(b) Handling and conveying before curing should be reduced to a 
minimum. Machinery for this purpose should be so designed that the 
unit will not be subject to bending or shock which will produce incipient 
cracks, broken edges or corners. 


31. Curing 

(a) The minimum amount of curing of precast units shall consist in 
keeping the concrete damp for at least 7 days, if made of normal portland 
cement and for at least 3 days if made of high early strength cement. 
For each decrement of 5 degrees below 70 F in the average curing tem- 
perature these curing periods shall be increased by four days for units 
made of normal portland cement and by two days for units made of high 
early strength cement. See Table 1. The average curing temperature 
in no case shall be less than 50 F. 


+See appendix hereto. 
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TABLE 1 (see 31a) — MINIMUM CURING TIME IN DAYS IN DAMP ATMOSPHERE 


Temperature in Degrees F 
Cement Seer eS ee eee 


70 65 60 55 50 
Normal Portland ej 1] 15 19 23 
High Early Strength 3 5 7 9 11 


(b) Curing by high pressure steam, steam vapor, or other accepted 
processes may be employed to accelerate the hardening of the cement 
and to reduce the time of curing provided, however, the compressive 
strength of the concrete is at least equal to that obtained with the curing 
specified in Section 3la and that the 28-day strength meets the require- 
ments of Sec. 21. 


32. Identification and marking 

(a) All joist, beams, girders and other floor units shall show some 
mark plainly indicating the top of the unit and the size of the bending 
moment reinforcement. This mark or symbol shall indicate the length, 
size and type of reinforcing and carrying capacity of the unit, and shall 
be shown on the placing plans. 


33. Transportation 

(a) After curing, units shall be so stored, stacked, loaded and trans- 
ported, unloaded and placed, that no transverse or longitudinal cracks 
shall develop. Adequate instructions should be given to handlers and 
insofar as possible, only experienced men should be put in charge of this 
phase of the work. 


(b) To insure the eventual placement of the units in the structure 
without cracks, the handling, whether manually or in slings or cradles, 
shall be done in such a manner that bending about either the vertical 
or horizontal axis of the cross-section will be reduced to a minimum. 


40. Tests 

(a) Where the individual unit is tested as a simple beam, it shall 
sustain without complete failure, a uniformly distributed load of at 
least 2.25 times the design load based on allowable stresses in bending 
moment and shear as given in Section and Table 305(a) and Section 
306(a), ACI 318-41° 

(b) When field tests are made they shall be made as required by and 
shall meet the requirements of Section 202, ACI 318-41) making use of 
notation used in Section 220, ACI 318-41. 


tSee appendix hereto. 
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SPECIAL TYPES 
50. |-Beam type of precast joist and floor—definitions 

(a) Floors made of precast joists mortised or embedded into a mono- 
lithic floor placed or poured on the job, producing a T-beam are called 
Precast joist cast-in-place concrete slab floors, and the resisting moment 
may be computed as if the joist and slab form a T-beam. 

(6) Floors made of precast joists over which precast slabs are laid 
and bonded to produce T-beam action are called precast joist and slab 
concrete floors. 

(c) Floors made of precast joists over which precast slabs are laid 
for flooring and not bonded to the joist to produce T-beam action are 
called independent precast joist and slab concrete floors. 


51. Sections 

(a) The most commonly made joists of I-beam section are as shown 
in Fig. 1. Other sizes and shapes meeting the regulations of ACI 318-41 
as to resistance to bending moment, shear, deflection and bearing, may 
be used. 

(b) Since the shear and bending moment resistances are based on 
nominal dimensions as well as on area of the steel and allowable working 
stresses in concrete and steel, the following tolerances shall not be 
exceeded: plus or minus %-in. as to width and height, and plus o1 
minus 1 in. as to length. 


52. Floor slab thickness 

(a) The recommended minimum thickness of cast-in-place reinforced 
concrete floor slabs with joist heads embedded not less than 4% in. and 
with joist spacing less than 30 in., is 2 in. For joist spacing of 30 to 
36 in. the minimum thickness of slab concrete floors should be 2% in. 
Greater thickness may be required where unusual loads or spans are 
encountered. The required thickness of slabs spanning more than 36 in 
shall be determined by accepted design methods. 

(6) The recommended minimum thickness of precast slab to be 
used with precast joists is 2 in. with joist spacing up to 30 in. and 24% 
in. with joist spacing from 30 in. to 36 in. In the case of slabs of ribbed- 
or channel-section, the thickness requirement applies to the portion 
thereof containing the tensile reinforcement. 


53. Extra or concentrated loads 

(a) Where the floor supports partition walls parallel to the joist 
or where loads heavier than the uniform load for which the floor i 
designed are known to be expected, joists may be placed side by side, 
but under such conditions the joists and cast-in-place floor slabs are 
not to be considered as a T-beam unless the sheqr reinforcing loop: 
in the joists extend into the slab. 
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(b) Where multiple joists are used, their strength shall be at least 
that of a single beam, multiplied by the number used. 


54. Design 

(a) Floors laid as defined in 50(a) and 50(b) of this report may be 
designed as T-beams, where joists are supported at sufficient intervals 
to take out the sag while the cast-in-place or present slab is being laid, 
the support being left in place until the concrete has hardened, Under 
this condition the dead load is considered to be the weight of the floor 
per joist plus the weight of the joist. For further details as to design 
for Type 1 joists, the Portland Cement Association pamphlet ‘‘How to 
Design and Build Precast Joist Concrete Floors” is at present the most 
complete treatise. 

(b) The resistance to longitudinal shear between floor and joist 
where the joists are embedded % in, may be taken as equal to the allow- 
able shear stress for beams with no web reinforcement, but with special 
anchorage of longitudinal steel. Table 305(a), ACI 318-41. 

(c) Where ends of joists cannot be rested on walls, as at stair wells, 
etc., metal joist hangers made as in Fig. 3 may be used to provide end 


thee appendix hereto 
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support, or a preformed tension bar hanger may be inserted in the 
joist at the time of casting (Fig. 4). 
55. Holes in web 

(a) Because they reduce the shearing resistance, holes in the web 
should be reduced to a minimum. Where found necessary they should 
be located as near the center of the beam as possible or at location of 
minimum shear. They should be cast when the beam is made or drilled 
on the job (not punched) and be not more than 2 in. in diameter. No 
holes should be made by any mechanic on a job except after approval 
by and under the supervision of the architect or engineer. 


56. Installation and construction details 

(a) Onevery job there will be a need for a joist setting plan; prepared 
by an architect or an engineer and approved by the manufacturer. Only 
in this way will the owner be assured of unquestionable results. Working 
stresses based on maximum strength of the materials used, shall be as 
provided in Section 305(a) and Table 305(a), ACI 318-411, and shall 
be given the architect or engineer by the manufacturer. Shears and 
bending moments will be properly taken into account by the architect 
or engineer and accepted by the manufacturer. (The supervision of 
the manufacturer over the placing of reinforcement and the treatment 
of the joists from planning the mixture to delivery on the job, will have 
greater attention with his cooperation in the use of stresses on the plans. 

(b) There is a need for standardization of many installation and 
construction details. This does not mean that innovations should be 
prohibited or frowned upon, but rather that an acceptable practice in 
handling and setting, leveling, shoring of joists, placing forms for floors, 
reinforcement for floors, conduits, bulkheads, stairwells, partition bearing 
joist, etc., should be approved by the architect, engineer and manu- 
facturer and the building contractor informed thereof by properly 
drawn plans and through the supervision of the architect or engineer. 


60. Hollow core type of precast floor unit—definitions 

(a) Floors made of precast concrete units in which some portion of 
the cross section between top, bottom, and sides is left out at the time 
of casting for purposes of reducing dead load and quantity of material 
used in their manufacture are called Hollow-Core-Precast Floors. 

61. Sections 

(a) Sections of hollow units as shown in Fig. 5 are acceptable. 

(6) Any other sections which will provide proper protection for the 
steel reinforcement, and strength sufficient for handling and for carry- 
ing the loads for which they are designed and which meet all other 
requirements of this report will be acceptable. 
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Fig. 5 














62. Design 

(a) Resisting moments and shear resistance of hollow-core units are 
computed by the standard formulas and methods. Allowable unit 
stresses in concrete shall conform to requirements of Section 305(a) and 
Table 305(a) ACI 318-417 and the computations of carrying capacity 
for each type shall be verified by a recognized testing laboratory. 

63. Special conditions—openings known in advance of construction 

(a) At stairways or other openings when no wall or girder bearing 
is available for one end of a floor unit, the long dimension of the opening 
shall be parallel to the length of the unit. Specially designed reinforced 
headers or curbs at the short side of such openings shall transfer their 
dead and live load to the longitudinal units on the side of the opening 
by devices or means satisfactory to the architect or engineer. Units 
adjacent to the side of such openings shall be designed to carry the 
reaction of the headers in addition to their own specified dead and live 
load. 

(6) The requirements of unusual conditions, such as those outlined 
in 63(a) or others, often may be met by making use of special units, 
some of which are wider than the standard, some deeper and some more 
heavily reinforced. 


tSee appendix hereto. 
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(c) Holes in the bottom or ceiling sides of units, for conduit or for 
hangers should be located below the hollow portion of the unit and 
should be cast at the time of manufacture or drilled under the super- 
vision of the architect or engineer. 

(d) Channeling in the top or floor side except over the support is 
not permissible and where done shall not reduce the shear resistance 
below that allowable in this report. 

(e) Cutting of reinforcement for installation of pipes or conduit is 
permitted only upon approval of the architect or engineer and only 
after satisfying requirements specified in Section 64(a) (b) and (c). 


64. Cutting of holes and channels 

(a) No openings or channels not provided for in the structural 
design shall be made on the job without the specific approval of the 
engineer and in accord with his written, detailed instructions covering 
such work. 

(6) In some cases the section of and reinforcement in the adjacent 
beam are such that when the span is taken into consideration the resist- 
ance to bending moment and shear is greater than that required by the 
live and dead loads called for by the building code or specifications. In 
such a case holes may be cut and curbed providing it is done in a manner 
to insure that the stresses on the transversely cut units will be trans- 
ferred through the curb or longitudinal key to the adjoining units. In 
general, such cutting should be located near the quarter point of the 
span. 


(c) Where holes are cut, the load normally carried by the cut units, 
and by the cutting transferred laterally to adjacent units may be con- 
sidered to be uniformly distributed laterally for three units one foot 
wide on either side. With such assumption the computed stresses in 
the concrete may not esceed 0.45 f’, nor in any case 1500 psi compression; 
0.02f’, (for reinforcement without special anchorage) with a maximum 
allowable unit stress of 75 psi or 0.03 f’, (for reinforcement with special 
anchorage) with a maximum allowable unit stress of 112.5 psi in shear 
for units without stirrups; or 20,000 psi tension in the reinforcing steel, 


(d) Holes in the bottom or ceiling side for conduit or for hangers 
should be below the hollow portion of the unit; should not be less than 
134 in. from the longitudinal reinforcement, and may be either cast 
at the time of manufacture or drilled under the supervision of the archi- 
tect or engineer. Hangers may be placed in the joints between the 
units before they are grouted. 

(e) There shall be no channeling in the top or floor side except over 
the support. 
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(f) Cutting of reinforcement for installation of pipes or conduit is 
permissible only with approval of the architect or engineer and only after 
satisfying requirements specified in Section 64 (a) (b) and (c). 

65. Installation and construction details 

(a) An erection or unit setting plan shall be prepared by the architect 
or engineer and approved by the manufacturer for each job. To provide 
properly for shear and bending moment stresses, the plan shall indicate 
all openings, stairways, etc., together with the location of points, if 
any, where loads are in excess of the general floor loading. 


APPENDIX 
(Excerpts from Standard Building Regulations for Reinforced Concrete—ACI 318-41) 

103. Special systems of reinforced concrete 

(a) The sponsors of any system of reinforced concrete which has been in successful 
use, or the adequacy of which has been shown by test, and the design of which is either 
in conflict with, or not covered by these regulations shall have the right to present the 
data on which their design is based to a “Board of Examiners for Special Construction” 
appointed by the Commissioner of Buildings. This Board shall be composed of com- 
petent engineers, architects and builders, and shall have the authority to investigate 
the data so submitted and to formulate rules governing the design and construction of 
such systems. These rules when approved by the Commissioner of Buildings shall be 
of the same force and effect as the provisions of this code. 


200. Notation 

D Deflection of a floor member under load test. 

L Span of member under load test. 

t The total thickness or depth of a member under load test. 
202. Load Tests 

(a) When a load test is required, the member or portion of the structure under 

consideration shall be subject to a superimposed load equal to one and one-half times 
the live load plus one-half of the dead load. This load shall be left in position for a 
period of twenty-four hours before removal. If, during the test, or upon removal of 
the load, the member or portion of the structure shows evident failure, such changes 
or modifications as are necessary to make the structure adequate for the rated capacity 
shall be made; or, where lawful, a lower rating shall be established. The structure shall 
be considered to have passed the test if the maximum deflection at the end of the twenty- 


four hour period does not exceed the value of D as given in the following: 
001 L? 
) = (1) 
12 t 
all terms expressed in the same units. 
If the deflection exceeds the value of D as given in formula (1), the construction shall 


be considered to have passed the test if within twenty-four hours after the removal of 
the load the member or portion of the structure shows a recovery of at least seventy- 
five percent of the observed deflection. 
302. Determination of strength-quality of materials 

(a) The determination of the proportions of cement, aggregate and water to attain 
the required strengths shall be made by one of the following methods: 
Method 1—Concrete made from average materials: 

When no preliminary tests of the materials to be used are made, the water-content per sack of cement 


shall not exceed the values in Table 302(a). Method 2 shal! be employed when artificial aggregates or 
admixtures are used. 
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TABLE 302(a)}—ASSUMED STRENGTH OF CONCRETE MIXTURES 


Water-Content U. 8. Gallons Assumed Compressive Strength 
Per 94-lb. Sack of Cement at 28 Days—psi 
7% 2000 
6% 2500 
6 3000 
5 3750 


Nore —In interpreting this table, surface water carried by the aggregate must be included as ry of 
the mixing water in computing the water-content. 
Method 2—Controlled Concrete: 


Water-content other than shown in Table 302(a) may be used provided that the strength-quality of the 
concrete proposed for use in the structure shal] be established by tests which shall be made in advance of 
the beginning of operations, using the consistencies suitable for the work and in accordance with the ‘‘Stand- 
ard Method of Making Compression Tests of Concrete” (A.S.T.M. Serial Designation: C39-39). A curve 
representing the relation between the water-content and the average 28-day compressive strength or 
earlier strength at which the concrete is to receive its full working load, shail be established for a range of 
values including all the compressive strengths called for on the plans. 

The curve shall be established by at least three points, each point representing average values from at 
least four test specimens. The maximum allowable water-content for the concrete for the structure shall 
be as determined from this curve and shal) correspond to a strength which is fifteen percent greater than 
that called for on the plans. No substitutions shal! be made in the materials used on the work without 
additional tests in accordance herewith to show that the quality of the concrete is satisfactory 
305. Allowable unit stresses in concrete 

(a) The unit stresses in pounds per square inch on concrete to be used in the design 
shall not exceed the values of Table 305(a) where f’. equals the minimum specified 
ultimate compressive strength at 28 days, or at the earlier age at which the concrete 

° . o 
may be expected to receive its full load. 


306. Allowable unit stresses in reinforcement 

Unless otherwise provided in these Regulations, steel for concrete reinforcement 
shall not be stressed in excess of the following limits: 

(a) Tension 

(f. = Tensile unit stress in longitudinal reinforcement) 
and (f, = Tensile unit stress in web reinforcement) 

20,000 psi for Rail-Steel Concrete Reinforcement Bars, Billet-Steel Concrete 
Reinforcement Bars (of intermediate and hard grades), Axle-Steel Concrete 
Reinforcement Bars (of intermediate and hard grades), and Cold-Drawn Steel 
Wire for Concrete Reinforcement. 

18,000 psi for Billet-Steel Concrete Reinforcement Bars (of structural grade) 
and Axle-Steel Concrete Reinforcement Bars (of structural grade). 

507. Concrete protection for reinforcement 

(a) The reinforcement of footings and other principal structural members in which 
the concrete is deposited against the ground shall have not less than three inches of 
concrete between it and the ground contact surface. If concrete surfaces after removal 
of the forms are to be exposed to the weather or be in contact with the ground, the 
reinforcement shall be protected with not less than two inches of concrete for bars 
more than % inch in diameter and one and one-half inches for bars &% inch or less in 
diameter. 

(b) The conerete protective covering for reinforcement at surfaces not exposed 
directly to the ground or weather shall be not less than three-fourths inch for slabs 
and walls; and not less than one and one-half inches for beams, girders and columns. 
In concrete joist floors in which the clear distance between joists is not more than 
thirty inches, the protection of metal reinforcement shall be at least three-fourths inch. 

(c) If the code of which these regulations form a part specifies, as fire-protective 
covering of the reinforcement, thicknesses of concrete greater than those given in this 
section, then such greater thicknesses shall be used. 
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(d) Concrete protection for reinforcement shall in all cases be at least equal to the 
diameter of round bars, and one and one-half times the side dimension of square bars. 

(e) Exposed reinforcement bars intended for bonding with future extensions shall 
be protected from corrosion by concrete or other adequate covering. 


TABLE 305(a)—ALLOWABLE UNIT STRESSES IN CONCRETE 


Allowable Unit Stresses 


For Any 
Strength of | When Strength of Concrete is Fixed 
Concrete as by the Water-Content in Accordance 
Description Fixed by with Section 302 
Test in 
Accordance 


with Section! f'- ( f S'e 
302 2000 2500 3000 3750 
30000 psi psi psi psi 
n n 15 rn 12 in 10 n 5 
Sve 
Flexure: fe 
Extreme fiber stress in compression j 0.45/ 900 1125 1350 1688 
Shear: 1 
Beams with no web reinforcement and without 
special anchorage of longitudinal steel ve 0.02/ 10) 50 60 75 
Beams with no web reinforcement but with 
special anchorage of longitudinal steel 0.03/ 60 75 90 113 


Beams with properly designed web reinforce- 

ment but without special anchorage of longi- 

tudinal steel 0.06f 120 150 180 225 
Beams with properly designed web reinforce- 

ment and with special anchorage of longi- 


tudinal steel 0.12/ 240 300 360 450 
*Flat slabs at distance d from edge of column 

capital or drop panel 0.03/ 60 75 90 113 
**F ootings 1 0 03/" 60 75 75 75 


but not 
to exceed 
75 psi 
tBond u 
In beams and slabs and one-way footings 
Plain bars u 0.04f SO 100 120 150 
but not 
to exceed 
160 psi 
Deformed bars u 0.05/ 100 125 150 188 
but not 
to exceed 


200 psi 
In two-way footings 
Plain bars (hooked u 0.045/ 90 113 135 160 
but not 
to exceed 
160 psi 
Deformed bars (hooked u 0.056 112 140 168 200 


but not 
to exceed 


200 psi 
Bearing 
On full area f 0.25f SOO 625 750 938 
On one-third area or less? f O.375/ 7 938 1125 1405 
*See Section 807. **See Section 905 (a) and SOS(a 


+The allowable bearing stress on an area greater than one-third but less than the full area shall be inter- 
polated between the values given. 


tWhere special anchorage is provided (see Section 903 (a) ), one and one-half times these values in 
bond may be used in beams, slabs and one-way footings, but in no case to exceed 200 psi for plain bars 
and 250 psi for deformed bars The values given for two-way footings include an allowance for special 


anchorage 


Discussion of this report should reach the ACI Secretary, in triplicate, 
by April 1, 1944, for publication in the JOURNAL for June 1944. 
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Discussion of Report of Committee 711: 


Proposed . 
Minimum Standard Requirements for Precast 
Concrete Floor Units* 


By BERNARD J. HARRISON and F. N. MENEFEE, Chairman, 


for the Committee 


By BERNARD J. HARRISONTt 


Under Section 52 on floor slab thickness, the maximum span for a 2-in. 
slab is given as 30 in. We have installed a great many square feet of 
our 2 in. precast concrete plank or slabs on precast concrete joists spaced 
up to 5 ft. for roofs and 3 ft. for floors. Our 234-in. precast slabs have 
been used for floors on spans up to 5 ft. Where steel purlins have been 
used in roof construction, we have used 2 in. plank on spans up to 7 ft. 
We base our recommendations for the use of concrete plank on these 
spans from loading tests and experience. When using galvanized steel 
mesh of 7 gauge wire spaced 2 in. on center and transverse wires of 10 
gauge spaced 12 in. on center, an average ultimate uniform breaking load 
of 330 lb. per sq. ft. was obtained for the 2-in. material and 440 lb. per sq. 
ft. for the 234-in. plank on a 6 ft. span. The wire mesh is double and is 
placed at least one-quarter of an inch from each surface so as to make the 
slab reversible and to prevent warping. 


In Section 23 it is stated that the reinforcing should be covered with 
at least 54-in. of concrete. We have had a small seale fire test conducted 
on our standard 2-in. precast concrete slab and find that the material 
will withstand for 14% hours a temperature averaging 1700 F. In rais- 
ing the reinforcing, to be covered with %4-in. of concrete, the 2%4-in. 
plank withstood a small scale test 34 hours. In both cases the aggre- 
gate used was an aerated slag. It appears that the aggregate used in a 
floor slab is of prime importance in considering fire protection. Recently 
at the Bureau of Standards, I witnessed a fire test on precast concrete 


*ACI Joumnat, Feb. 1944; Proceedings V. 40, p. 305. 
tConerete Plank Co., Inc., Jersey City, N 
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joists covered with a 2'%-in. floor slab made of river gravel. After 20 
minutes of heat, the gravel started popping and in 35 minutes the slab 
blew up. It is questionable if a 2-in. slab would ever be used in a con- 
struction demanding more than an hour and a half of fire protection, 
so if the slab used is made with the proper aggregate, the steel covering 
should: be 44 in. or more. It is doubtful if any manufacturer could 
place wire at exactly 54-in. With the variation in the wire, the cover- 
ing will vary from 4 to %-in. Fig. 2, we notice, has %-in. from the 
bottom surface of the slab to the center of the wire. 

In Section 20, paragraph d, the word “‘galvanized’’ should be added 
to cold drawn steel wire. 

Nothing is discussed or recommended for attaching the precast slabs 
to the joists, especially for roof work to withstand an uplift load of 30 
lb. per sq. ft. 


By F. N. MENEFEE 


Mr. Harrison’s comments bring into focus a fact that is generally 
known to the members of the American Concrete Institute namely, 
that there are many concrete products organizations exploring and 
developing the precast concrete unit field, and that in some cases their 
products do not conform to the standards set up by the ACI “Building 
Regulations for Reinforced Concrete.”’ In many cases it should be 
admitted that innovations and the boldness of those responsible for 
them have resulted in greater use of concrete with as great a degree 
of safety and security as is to be expected of that concrete practice that 
falls within the boundaries of the regulations. The precast concrete 
joist is a case in point. While they have been in use for several years 
and have proved their worth, they are not as yet officially recognized 
by a code approved by the Institute. 

In drawing up a “Standard Minimum Requirements for Precast 
Concrete Floor Units,” the Committee recognized at the outset the 
desireability of having the results fall within the ACI Code. It was 
recognized that any departures would have to be strongly defended, 
for those who are charged with enforcing specifications drawn up under 
the ACI Building Regulations would be, here and there, confronted 
with requests to allow practice conforming to that permitted by the 
“Requirements for Precast Floor Units.” 

As Section 507 of ACI 318-41 Code now stands, our proposed minimum 
standards already fall outside in respect of protective covering for rein- 
forcing. It seems unwise to recommend a further reduction below that 
called for in ACI 318-41, before the Proposed Minimum Standard 
Requirements for Concrete Floor Units have been approved L, the 
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Institute and then only where careful and exhaustive tests indicate 
that such a recommendation can be made with safety. 


As to Mr. Harrison’s comments on Section 52 of the Proposed Mini- 
mum Requirements, it is admitted at once that the Committee’s recom- 
mendation of a 2 in. minimum slab thickness for a 30-in. span is con- 
servative. Assuming a 12-in. wide floor slab with simple supports, 
with f, = 650 psi, f, =22,000 psi and d = 1%%-in., the slab would carry 
a concentrated load midway between the supports of about 270 lb. If 
the slab were continuous and the value of f, were 3750, the allowable 
load would, of course, be greater. 

Section 52 is a recommendation only. It.is to be assumed that anyone 
disagreeing may fall back on the ACI code and get approval of a thinner 
slab in some cases, but in so doing they would run the risk of having 
to take the fire protection called for by that code. 

In connection with the question raised by Mr. Harrison, I quote from 
a letter by R. E. Copeland, member of the committee: 

“The recommendations of section 52 apply to slabs which are employed 
in conjunction with precast joists and are not to be interpreted as cover- 
ing all precast floor and roof slabs in general. 

“Under the report it would be permissible to employ practically any 
slab thicknesses which provide for the allowable working stresses in the 
concrete and steel. It is more restrictive only with regard to slabs over 
precast joist in floor construction. There is no mention that it applies 
to roofs. 

“Mr. Harrison’s statement that the fire resistance of concrete varies 
with different aggregates is correct and due consideration should be 
given to any authoritative data he may submit concerning the value of 
'4-in. protection as used in the roof slabs made by his company. How- 
ever no reduction in the 5-in. cover now recommended in the report 
should be made until there is presented convincing proof that such a 
reduction is justified and would be consistent with sound engineering 
practice. 

“In the case of steel frame roofs consisting of trusses or beams and 
purlins without protection of any kind it would appear that the cover 
on the reinforcement in the roof slabs would be determined primarily 
by requirements as to strength and protection against corrosion rather 
than protection against fire. The question is whether such cases can be 
properly handled in a report such as ours. 

“Section 20 (d) is intended to conform to Section 207 (a) and (b) of 


the ACI Code which does not specify galvanized wire. I don’t think we 
should either. 
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“Provision against uplift in roof design is important but if we attempt 
to cover all such details our report would become too voluminous. | 
suggest that this matter be considered, however, along with other pro- 
posed improvements in the report.” 

Mr. Harrison’s objections to the minimum thickness recommended 
can be taken care of by invoking the ACI 318-41 where the cireum- 
stances warrant it. As to his implied suggestions that we recommend 
a fire cover of only 44-in. because the manufacturer cannot accurately 
set reinforcing at 5% in. from form, it is difficult to say how the manu- 
facturer can set steel more accurately for 4 in. cover than for 5%-in. 
In either case some variation is to be expected and in the case of a mini- 
mum standard of the 54-in. cover, the protection should, on an average, 
be 3%-in. greater. 

It appears that the Committee is justified in expecting greater accu- 
racy in connection with the dimensions of the finished product and in 
‘the placing of steel in precast joists and slabs than when the concrete 
is poured in the field, but that for the time being at least, more harm 
than good would come from making recommendations for thinner 
sections and less fire and corrosion protection. 
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Job Problems and Practice 


“JPP" is a means toward realizing more fully than in a limited number 
of longer JOURNAL contributions, the mutuality of ACI Membership 
effort to do a better concrete job. In JPP many Members may participate 
in few pages. So, if you have a question, ask it. If an answer is of likely 
general interest, it will be briefed here (with authorship credit unless the 
contributor prefers not). But don't wait for a question. If you know of a 
concrete problem solved—in field, laboratory, factory, or office—or if 
you are moved to constructive comment or criticism, obey the impulse; 
jot it down for JPP. Remember these pages are for informal and sometimes 
tentative fragments—not the “‘copper-riveted"’ conclusiveness of formal 
treatises. ‘‘Answers’’ to questions do not carry ACI authority; they 
represent the efforts of Members to add their bits to the sum of ACI Mem- 
ber knowledge of concrete ‘‘know-how.” 


Flexible Joints for Concrete Pipes and Troughs (40-149) 
BY F. L. FITZPATRICK* 


When concrete sections, such as pipes or trough units are jointed 
by cement mortar packing, the relatively rigid construction frequently 
causes trouble, especially when ground movements occur. 


In the case for example of sewer lines, jointed with cement mortar, 
fractures of pipes or joints are bound to occur due to differential sub- 
sidence of fill or packing, and infiltration of ground water results. 

In Australia, the use of reinforced concrete pipes for water mains, 
involving hydrostatic pressures up to 150 psi and occasionally higher, 
has been widely developed, and these pipes are in common use, for 
gravity mains, pumping lines and reticulation. 

When, about twelve years ago we introduced a simple rubber ring 
joint, the use of concrete pipes received a great stimulus. A joint on 
this general principle had been used in England many years ago on iron 
pipes, 

Since then, hundreds of miles of these mains have been jointed on 
this principle, with complete success in all the different ground and 
other conditions, 


*General manager, Rocla, Ltd., Concrete Engineers, Melbourne, Australia. 
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The joint has been used in diameters from 4 to 51 in. and could be 
used for any size of pipe. 


The joint features generally are illustrated by Fig. 1 and 2. 
Socket Rubber ring compressed 


Rubber joint ring Pd 
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<— Steel reinforcement 
Fig. 1. Fig. 2. 


In Fig. 1, a section is shown of the ends of pipes about to be jointed. 
A plain rubber joint ring has been placed in position on an external groove 
on the spigot end of one pipe. This pipe is then forced into the other 
pipe and as it moves in, the ring rolls back and is simultaneously com- 
pressed, till it reaches position shown in Fig. 2. This completes the 
jointing operation. 


From the point of view of cost this joint is very valuable: see Table 1 
showing average costs here in Australia. 


The usual principles followed in designing the joint and the members 
for it on the pipe are— 


(1) Length of travel of rubber (in rolling into place) usually 11% in. (small diameters) 
to 2 in. or more (large diameters. ) 


(2) Members should be designed so that rubber rolls all the way and is not required 
to “skid”. 


(3) The clearance between full barrel diameter and the inside diameter of faucet 
(socket) should be not greater than 14 of the cord diameter of the rubber ring, and 
preferably smaller than this ratio. 


(4) The space between the concrete surfaces inside the joint, where the rubber is 
finally positioned, should be approximately 60 percent of the cord diameter of the 
rubber ring, to compress the latter adequately for water-tightness. 

(5) There should be an overlap, of the faucet (socket) over the spigot end (between 
shoulder of spigot and tapered entry portion of socket), of not less than % in. for sizes 
up to 12 in.—not less than 1 in.—sizes over 12 to 18 in.—and 1% in. for larger diameters 


The rubber used should be medium soft—conforming preferably to 
British Standard Specification for Rubber Joint Rings No. 674 of 1936. 
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TABLE 1—APPROXIMATE | COSTS, ETC. —ROCLA RUBBER JOINTS 























| | | | Cost per Li inear Ft. of of Pipe 
| Cord | Internal | I sbor | 
| Thick- | Diameter} Approx. | Cost to | 
Pipe | ness of of Cost Length | Rubber | Lay and | 
Diameter Ring Ring of of pipe, ft.| Ring Joint Pipe Total 
Inches Inches Inches Ring (c) (a) | 
| da | d d. 
4 | 4 514 6d. 6 1.0 2.0 3.0 
6 | % 7% 8d. 6 1.3 2.5 | 3.8 
9 | o 1014 tf 8 1.5 3.5 | 5.0 
12 54 1314 1/6 10 1.8 5.0 | 68 
6 | %&% 1614 2 10 2.4 6.5 8.9 
18 54 1934 2/6 10 3.0 9.0 1-0. : 
21 34 23 3/3 10 3.9 1/0.0 1-3. 
24 | 3% 2614 4/- 10 4.8 1/3.0 1-7.8 
| 

















NOTES S:—(a) Based on labor cost of 2/3d. per hour = 40 cents approximately. 
(b) 1d. = approximately 1.4 cents (U. 8S.) at present rate of exchange. 
(c) Lengths used vary—8 ft. being a very common size, also, in sizes larger 
than 9-in. diameter. 
The labor costs do not include digging the trench. 
Comparing a typical case with lead jointing we have: 
Lead Jointing—12 in. diameter 
20 lb. lead costs say 5 6d. per ft. 
Labor to lay pipe and make joint 8d. 
Total 1/2d. per foot 


The durability of rubber, under the conditions of a pipe line has been 
well established (London Surveyor 8/12/1933—Hole’s “ 
Gas,” pp. 153 et seq—etc.) 


Distribution of 


In mains of diameters 18 in. and over, design of joint and methods 
of laying must take into account the tendency for the weight of pipe, 
contained liquid, and fill, to squeeze the rubber ring in the bottom part 
during settlement, and so relax pressure on the top part of the ring. 

The rubber joint is widely used here also for jointing sheep and cattle 
troughs. Large graziers frequently set up lengths of troughing of 40 ft., 
60 ft. and more. When concrete troughs are used, this involves jointing 
sections of 8 ft. or so. We make the trough sections centrifugally, as 
half sections (longitudinally) of spigot and socket pipes. No special 
treatment of shape of spigot or socket is here necessary, but the trough 
sections are laid spigot and socket fashion, with a rubber cord (or tubing) 
between them in the joint space. The weight causes sufficient com- 
pression for a watertight seal. 


Applying Membrane Waterproofing to Plain Concrete Wall Footings 
(40-150) 
Q-—I should like the opinions and comments of others on the appli- 
cation of membrane waterproofing to plain concrete wall footings. 
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The practice I follow (standard in England), is to “blind” the exca- 
vated area with 2 or 3 in. of concrete. The membrane is then laid and 
the structure built on top. This membrane, referred to as “tanking’’ 
is in the position shown in Fig. 1. 
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and Fig. 2 


However, it appears to be the accepted practice here in Canada to 
place the wall footings first, then apply the membrane over the footing 
as shown in Fig. 2, before the wall is constructed. I object strongly to 
this as it separates the wall from its footing. 


BY JOSEPH DI STASIO* 


A---While it is true that the method shown in Fig. 1 is structurally 
superior to Fig. 2 where the waterproofing is carried over the top of 





the footing, the additional cost due to materials involved and extra 
excavating and the time lost in an additional building operation, do not 
warrant the use of the method shown in Fig. 1 for ordinary building 
foundations especially where plain concrete walls and footings are used. 


The method shown in Fig. 1, however, is especially desirable for 
important foundations using reinforced concrete walls and footings, 
where dowels or reinforcement extend from the footang into the wall 
proper and where the usual method, shown in Fig. 2, would be impracti- 
cable on account of the dowels or reinforcement penetrating the mem- 
brane. 


BY C. C. FISHBURN 


A suggested method of waterproofing floors and walls below grade 
that are subject to water pressure is illustrated in Fig. 3 and is similar 


*Structural Engineer, New York City. 
tNational Bureau of Standards, Washington, D. C. 
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to the methods in Fig. 1 and 2 of the inquirer. The base course shown in 
the sketch affords a rigid support for the membrane; this base should 
have a smooth surface to reduce waste of bituminous material and to 
facilitate the proper laying of the membrane. The key shown in the 
sketch is intended to provide sufficient shearing resistance in the con- 
struction joint between the walls and footings so that dowels may not 
be needed. Where dowels are required, the membrane should be laid 
on a base course below them. 
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THE QUESTIONER REPLIES 


Still another correspondent points out that the method above in 
Fig. 1 is certainly more difficult and more expensive to build than the 
one shown in Fig. 2, which is the common practice in this country where 
a membrane waterproofing is provided. He mentions also that the Fig. 2 
method is suggested by most of the large waterproofing companies. 


The original correspondent comes back that comment concerns the 
impracticability of passing the reinforcement through the membrane, 
whereas his prime objection concerns the possibility of water creeping 
along the plane between the membrane and the concrete surface, thus 
attacking the reinforcing steel and——‘‘However, the question was not 
intended to apply to reinforced structures, but only to plain footings.”’ 

“One is naturally influenced in such matters by what has been one’s 
previous practice. Apparently method No, 2 is standard practice in 
the United States and Canada. The point which I have in mind and 
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which prompted the original inquiry, is a doubt as to how much of the 
membrane will remain in place and unbroken, once it receives the full 
weight brought onto it by the completed structure. 

“T have seen a case in Ottawa, where waterproofing below a bridge had 
been forced out by expansion of the concrete, so that it stood out in a 
6 in. fin. Furthermore, I have in mind that side lurch of a structure 
would tend to raise the lower edge of wall on the windward side, and to 
depress it on the leeward side, producing a cutting action which might 
tend to sever the membrane on the line of the wall face. 

“I do not know if any difficulty has been experienced in this way, but 
it seems to me to be a distinct possibility. However, I am satisfied to 
follow the standard practice.”’ 


Condensation in Basements (40-151) 


Q—What is to be done to control basement dampness from con- 
densation? (The question is typical of many inquiries received by the 
Institute.) 

BY C, F. MOORE* 


A—-One of the profilic sources of basement dampness is conden- 
sation. To get our thinking on condensation straight, let’s review 
its causes in the light of the latest developments. 

In order to simplify the theory we will omit all factors which would 
not have an appreciable effect on condensation under ordinary atmos- 
pheric conditions. ‘These omissions may make some of the following 
statements theoretically untrue for extreme conditions but their inclusion 
would unnecessarily complicate an already rather involved subject and 
would not affect the average conditions encountered. 

Ordinary air is a mixture of dry air and water vapor. At any tempera- 
ture there is a maximum amount of saturated water vapor which can be 
mixed with a definite volume of dry air, and air in this condition is said 
to be saturated and its relative humidity is 100 percent (air with half 
this amount of water vapor has a relative humidity of 50 percent, ete.). 
The maximum amount of saturated water vapor which can be mixed 
with a definite volume of dry air increases as the temperature of the air 
or mixture increases. From this it follows that any mixture of water 
vapor and dry air can be cooled to a temperature at which it becomes 
saturated, and this temperature is called the dew point. 

Observe that necessarily the dew point temperature and the air tem- 
perature are the same at 100 percent saturation. If the mixture is cooled 
beyond this point, the excess water vapor is deposited on areas which 





*Cement Products Bureau, Portland Cement Association, Chicago. 
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have a temperature lower than the dew point in the form of condensation. 
Thus it is seen that there are almost an infinite number of combinations 
of temperature and relative humidity which will have the same dew 
point since, for each degree above the dew point that the particular 
mixture is raised, its ability to hold water vapor is also raised and the 
relative humidity of the mixture is reduced. 

The following combinations all have a dew point of 68°—-and incident- 
ally a vapor pressure (which will be explained later) of about 48 lb. per 
square foot: 


70°— 938% Relative Humidity 
Ax —OO7 “é e 

70 78% 

80 679 sé “ 
R5' 57% “ sé 
90° 48% “ “ 
95°—40% “ “ 
100°—338% “ “ 


There is one other aspect of condensation that should be understood. 
In the final analysis saturated vapor and steam are one and the same 
thing, and follow the same laws. Water vapor under higher pressure 
(and higher relative humidity) will travel to a zone of lower vapor pres- 
sure until equalization is reached, thus raising the relative humidity of 
the zone of lower pressure. Vapor will travel through many substances 
much more readily than air, and most structural materials allow water 
vapor to pass through them unless a vapor seal is added. The passage 
of water vapor through a wall is very likely to cause condensation within 
the wall unless proper precautions are taken. 


The temperature of the inside face of a basement wall built of 12-in. 
concrete masonry units using sand and gravel aggregates will be approxi- 
mately 144° lower in temperature than the basement air temperature, 
for each degree difference in temperature between the earth in contact 
with the wall, and the basement air temperature. For illustrative 
purposes consider a basement with the following conditions (an earth 
temperature of 50° being assumed): 


Temperature 65° 

Relative Humidity 80 

Vapor Pressure 35 lb. per sq. ft. 
Dew Point 59° 

Wall Temperature 60° (65-15/3) 


If we refer to the previously given table of temperature and humidity 
conditions having a dew point of 68° and vapor pressure of 48 lb, per 
square foot, it is easy to see that under such outside air conditions the 
vapor pressure in the basement will be raised by infiltration and 
ventilation thus increasing the relative humidity of the basement air 
and raising the dew point above the 60° wall temperature, thereby causing 
condensation when coming in contact with the wall, It is also readily 
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seen that, since the dew point and air temperature at 100 percent satu- 
ration are the same, any air mixture having a dew point of over 60° will 
condense on the 60° wall of our basement. 

All of this means that in order to eliminate condensation from base- 
ments it is necessary to raise the wall and floor temperatures by adding 
heat or by insulation, or a combination of the two, above the dew point 
temperature of the air in the basement. The addition of heat will gen- 
erally be necessary as it will be impossible to raise the temperatures 
sufficiently by insulation alone. An air temperature of 70° with a wall 
having a U coefficient of from .15 to .20 will give a wall temperature 
or dew point of approximately 68° which will take care of most con- 
ditions. The other alternative is to install a dehumidifier in the base- 
ment to take some of the water vapor out of the air. It also follows that, 
unless the outside air is comparatively dry, ventilation is likely to aggra- 
vate the conditions even though mechanical means are used to move all 
of the air completely. Ventilation of dry air must be continued long 
enough to raise the wall and floor temperatures substantially in order 
to be effective. 

There are very likely to be temperature and humidity ranges under 
which it would be impractical to eliminate condensation in a basement 
unless dehumidification of the air is resorted to, but a 68° wall tem- 
perature will probably take care of the most objectionable cases in the 
colder climates. The problem is really one of air conditioning rather 
than construction and should be so treated. 

Concrete’s many advantages still make it the most practical material 
for basements and it has at least as favorable properties to use in com- 
bating condensation as any other suitable material. 
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New method of construction 
Conerete and Constructional Engineering, V. 38, p. 203, Sept. 1943 Reviewed by Guenn Munruy 


Deser bes the use of 1!o-in pre-cast concrete slabs to replace steel or wooden forme. 


Gunnite-lined water tanks 
Concrete and Conatructional Engineering, V. 38, p. 235, July, 1045 Reviewed by GLeENn Munrpny 
A number of water tanks with capacities up to 40,000 gal. have been built using rein- 
forced gunnite for the walls. In construction a 41! 9-in. cireular brick wall is laid upon 
a reinforced concrete base. Welded steel mesh is attached to the inner face of the wall 
and gunnite is applied in thickness up to 3 in. The brick is regarded primarily as an 
outside form, and it would be expected to afford some protection against bomb splinters 
No difficulty has been expenenced with seepage or hair cracks, 


High stressed wire in concrete tanks 
J. M. Crom, Engineering News-Record, V. 131, No. 27 (Dee. 30, 1943), pp. 51-53 
Reviewed by 8. J. CuaAmpent.in 
Commercial grades of high yield- point wire are wound around concrete tanks at 
stresses of 150,000 psi or more by equipment mounted on a platform suspended from a 
self-propelled carriage that moves around the tank parapet at 3 m.p.h The high 
prestressing results in steel saving and overcomes the loss of initial compression in the 


concrete caused by shrinkage and plastic flow 


Charts for the design of reinforced concrete beams 
THomas GAantann. Conerete and Conatructional Engineering, V. 38, p. 243-255, Aug., 1043 
Reviewed by GLENN Mvunpny 
"The charts are based on the recommendations contained in the Code of Practice for 
the Use of Reinforced Concrete in Buildings, in which the value of the modular ratio is 
assumed to vary inversely with the specified works cube strength of the concrete 
Therefore the product obtained on multiplying the working stress by the modular ratio 
remains constant for all qualities of concrete and hence for all values of the working 
stress.”’ This approach makes it possible to use a simple set of curves for all qualities 
of concrete. Charts and examples are given for tee-beams and for rectangular beams 


with various proportions of compressive reinforcement 
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Soil-cement paving 
Concrete and Constructional Engineering, V. 38, p. 294-297, Sept. 1943. Reviewed by GLENN Murpuy 
Description of the first full-scale experiment in the stabilization of soil with cement in 
England. An area of about 4 acres was treated for use as a steel yard. The surface 
soil was a fine silty loam coming within classification A4 of the American Public Works 
Administration. Gravel from a nearby pit was added to reduce fines, and 12 percent 
cement-clay volume was used. The surface was prepared and materials thoroughly 
mixed using graders, plows, cultivators and harrows. Water was added to bring the 
effective moisture content to 12.8 percent and incorporated into the mixture with 
harrows. The surface was consolidated using a sheepsfoot roller, harrow and roller. 
After surfacing, the area was covered with damp ashes to aid in curing, and after a 
suitable period a light tar-spray dressing was added. 


A Submersible bridge in Portuguese India 


Concrete and Constructional Engineering, V. 38, p. 291-293, Sept., 1943 Reviewed by GLENN M 


RKPHY 

Description of a multiple-arch bridge designed to provide normal crossing except 
in times of heavy floods when the water is to pass over the bridge without damaging it. 
The bridge has 5 spans of 328 ft. with a rise-span ratio of 10. The arches are spandrel- 
filled with a parabolic soffit, and vary in thickness from 12 in. at the crown to 17 in. at 
the springing. The main reinforcing consists of 34 in. bars, 5 in. o.c. with additional 
steel near the springing. Transverse reinforcement and stirrup e included. The 


spandrel] walls are coursed rubble topped with a reinforced kerb connected to the arch 
by intermediate ties. The arch reinforcement is tied to six steel rails imbedded in each 
pier to provide additional stability to water loads during a flood. The structure was 
designed to carry a pair of trains of 16 ton trucks in accordance with Portuguese regu- 
lations. 


Prevention and control of cracking in reinforced concrete buildings 
W. 8. Merny, Engineering News-Record, V. 131, No. 25 (Dec. 16, 1943), pp. 91-93. 
Reviewed by 8S. J. CHAMBERLIN 


Unsightly patterns of cracks in reinforced concrete walls and parapets were eliminated 
through the use of ‘control joints.”” Narrow, vertical grooves 114-in. deep were formed 
in the concrete on the inside and the outside of the walls by tacking wooden or rubber 
strips to the inside of the forms. One-half of the horizontal reinforcement was stopped 
off or cut at the joints to facilitate cracking at those places. Rubber stripping was left 
in place, but where wooden stripping was used the exterior joints were filled to 14-in 
below the surface with non-staining, concrete-colored caulking compound Heavy 
base courses and columns were placed and allowed to settle before thinner walls that 
tied to them were placed. Where openings occurred the concrete was placed in the 
wall up to the top of the opening and allowed to set and shrink for two or three hours 
before continuing with the work above. 


Prestressed concrete pipe by a new manufacturing method 
Engineering News-Record, V. 131, No. 25 (Dec. 16, 1943), pp. 83-85 
Reviewed by 8. J. CHAMBERLIN 


The reinforced concrete pipe with the steel stressed in tension and the concrete 


stressed in compression is designed for heads as high as 480 ft. and requires considerably 
less steel than the conventional design. Continuous welded steel cylinders with steel 
joint rings are centrifugally lined with concrete to a thickness of 1% in. The 8-bag 
concrete mixture with 114-in. slump and %-in. maximum size aggregate is distributed 
the full length while the 30-in. cylinder is rotated at 100 r.p.m. In a period of seven 
minutes the pipe is brought up to a speed of 294 r.p.m. and revolved for ten minute 


Excess water comes to the surface and is blown out by a jet of compressed air. Centri 
fugalization makes the concrete immediately hard enough so that the cylinder can be 
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picked up and stood on its end. After steam curing the cylinder is honed by rapidly 
rotating abrasive blocks. The pipe is then wound spirally with high tensile strength 
steel wire of No. 6 gauge by mechanical means. A tension of 86,000 psi is applied to the 
wire in the wrapping operation. A %4-in. mortar coating is applied to the exterior to 
protect the steel and wrapped with loosely woven cotton webbing to protect the mortar 
prior to hardening. Steam again is applied, followed by wet curing. Five days after 
its manufacture the pipe has attained satisfactory strength to be handled into place. 


Air-entraining cement concrete proves scale resistant. 
E. F. Youne, Engineering News-Record, V. 131, No. 27 (Dec. 30, 1943), pp. 54-57. 
Reviewed by 8. J. CHAMBERLIN 


Experimental sections of pavement were constructed in 1939 in an effort to find a 
solution to serious scaling troubles caused by salt applications for ice removal purposes. 
The sect’ons consisted of: (1) untreated cement with usual mixture proportions; (2) 
untreated cement with 15 percent of the sand replaced with extremely fine sand; (3) 
air-entraining cement (Vinsol resin addition) with usual mixture proportions; and (4) 
untreated cement with 4 percent more sand and 3 percent less coarse aggregate. Test 
sections were built in each traffic lane and each gutter lane, placed so that sections in 


one lane were not opposite similar sections in adjacent lanes. Portions of the “usual- 
mixture’ sections were surface treated with linseed oil. All concrete had a constant 
cement factor of 6.0 sacks per cu. yd. with a uniform consistency corresponding to a 
slump between 214 and 44% in. The concrete was delivered in 1!5-cu. yd. transit mixers 
with an average delivery time of 15 minutes. Air voids in the treated cement mixtures 
were from 214 to 314 percent. After four years of service the sections made with air- 
entraining cement are sound and free of scale except for one gutter section where there 
is some scaling where a heavy salt solution is carried from a street car switch. Sections 
made of untreated cement show considerable scaling in comparison. Surface-treated 


portions are beginning to scale as well. 


Crystals from portland cement hydration 


C. M. Surepcevicn, L. Grtpart, and D. L. Karz, Industrial and Engineering Chemistry, Industrial Edi- 
tion, V. 35, No. 11, pp. 1129-1220, Nov. 1943. teviewed by Ror N. Youne 


An electron microscope has been used in a rather extensive study of the reaction 
products of portland cement compounds and water. The technique is described and 
numerous photographs are presented. CS first hydrates to rhombic slabs which tend 
to adhere and form accordion-shaped aggregates. Later amorphous spherulites appear 
in the field. The slabs and spherulites may be different forms of hydrated C.S. CS 
forms the same products as C»S and, in addition, the product Ca(OH), is in evidence. 
Both C:A and C\AF give rhombic slabs, thin hexagonal plates and spherulites. These 
rhombic slabs are believed to be different from those which result from the hydration 
of silicates. The crystals formed from C,AF appear in a background of ferrite and 
possibly calcium hydroxide. Mixtures of gypsum with C:A and C\AF give heavy splines 
which may be hollow with fibrous walls and which are considered to be calcium sulfo- 
aluminate. “The amorphous material formed from C.S, CoS, and C.AF, after long 
periods, resembles Ca(OH), but could be colloidal forms of the silicate and aluminate. 
If these spherulites are the final form of C.S and CA, the colloidal theory becomes 
plausible.” A large excess of water was used to obtain the necessary wide dispersion 


of the samples in these studies. If the hydration products are the same in normal 
proportions of water to cement “it may safely be concluded that the strength 
of the concrete is attributable to an abundance of crystals in the form of splines, needles, 
and fibers matted together and bonded by the amorphous mass. Further, strength may 
be imparted by laminations and the strong surface forces of numerous thin platelike 


crystals.” 
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Highway slab-bridges with curbs: laboratory tests and proposed design method 
V. P. Jensen. Bulletin 346, Eng. Expt. Sta. Univ. of Illinois. July 6, 1943. 
teviewed by F. E. Ricuart 


This bulletin contains the results of laboratory tests of nine models (144 or 1% scale) 
of simple span right slab bridges, with varying types and sizes of curb. The design of 
these bridges was based on an analysis of moments in slab bridges with stiffened edges, 
(as described in Bulletin 315, Eng. Expt. Sta. Series, University of Illinois, by Dr. 
Jensen) due to H-20 truck loadings of A.A.S.H.O. specifications. 

In the tests, influence lines for strains at center of slab and midspan of curbs were 
obtained for concentrated loads applied along the transverse center line of the slab, 
before and after extensive cracking had been produced in the slab. Strains due to 
distributed loads were measured, and finally a series of four concentrated loads, represent- 
ing two rear-axle truck loadings were applied in increments until slab failure occurred 
In general, the measured strains in the slab were smaller than calculated values, those 
in the transverse reinforcement in particular. In some cases, compressive strains at 
midspan of curb were larger than the calculated values. Initial damage in all slabs 
occurred by yielding of the longitudinal reinforcement, though an additional reserve 
of strength of 25 to 30 percent was developed after the initial yielding took place. The 
capacity of the bridges in terms of live load at initial yielding seemed to be related 
more closely to average moment than to the localized maximum moment in the slab. 

On the basis of these tests, a simplified design method was evolved. The principal 
features are that it provides a total resisting moment which is determined mainly by 
statics and the reinforcement in the curb is determined for a composite slab-and-curb 
section. 


The new Waterloo bridge 
Concrete and Constructional Engineering, V. 38, p. 213-230, July, 1943 Reviewed by GLENN MURPHY 

Design and construction features of the new Waterloo Bridge over the Thames Kiver 
The five-span reinforced concrete structure carries 1 58-ft. roadway with an 11-ft 
footwalk on each side. Each spain is approx.mately 250 ft. The piers consist of 6 ft 
thick blocks of reinforced concrete on piling. The superstructure consists of a pair oj 
reinforced concrete box girders 25 ft. wide. The deck slab forms the top of the girders 
while a curved vault slab comprises the lower flange. Each girder, which has a depth of 
7 ft. 6 in. at the crown and about 25 ft. at the piers, is subdivided into three cells by 
vertical ribs. Each girder is continuous over two supports, cantilevering on one end to 
form the approach span and cantilevering on the other end to support a 94-ft. length of 
the bridge suspended in the center span. Particular attention was given to construction 
and expansion joints, crack control and the effect of torsional loading upon the girders. 
The steel reinforcing was welded to eliminate laps, splice bars and hooks, and some of 
the steel was pre-stressed. The concrete was designed for a 28-day standard ultimate 
compression strength of 4200 psi on 6 in. cubes and a slump of 3 in. Vibrators were 
used to assist in placing the concrete. The Standard Load for Highway Bridges of the 
Ministry of Transport was used in the overall design and in addition a 40-ton axle load 
or a multiple-axle total load of 150 tons, including impact, was used in the design of 
the cross girders and slab. 

A design stress of 1400 psi was used for concrete in flexure except for the main 
girders, where a value of 1250 psi was used. The limiting shear and bond stresses were 
established on 1400 psi. A design stress of 30000 psi was used for the prestressed steel, 
16500 psi for ordinary Jongitudinal steel in tension, and 18000 psi for the web steel. 
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FOREWORD 


As new facts emerge from field experience and from labora- 
tory research—facts pointing to new tools, materials, and 
techniques, commercial enterprise undertakes to capitalize 
them. Industry, spurred by competitive enterprise, tries to 
meet the need for better solutions of problems arising from 
new knowledge . . . Such is the field of the Technical 
Progress Section of this journal. 


The first of these new annual departments of the ACI 
JOURNAL attracted 26 advertisers to the February 1942 issue 
with 44 pages of space. With the developing importance of 
the opportunity, the second such issue, February 1943, had 
31 participants in 53 pages. This year, in this third T.P.S., 
38 advertisers are using 57 pages to convey their messages 
to the ACI audience. 


It is the increasingly strengthened purpose of the Institute’s 
Publications Committee to encourage in these pages (as 
announced in the first ‘‘Foreword’’, February 1942) that type 
of well-supported, factual statement which contributes to the 
prompt acceptance of methods, materials, and equipment 
having something to add to the sum of progress in the Insti- 
tute’s field . . . The Institute audience is specialized. It 
provides leadership in its field. The men of that audience are 
there because they want to know what is new and significant 
about concrete—how to make and place it for long-time 
performance, how to use the new tools, skills, and materials 
to the best advantage for that long-time purpose. It is a 


c 


critical audience—‘‘offish” to extravagant claims and highly 
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attentive to simply stated, well supported information that 
seems to promise solutions for engineering problems. With 
such information to present, no advertiser needs a “right 
hand page, well forward, opposite reading matter’. T.P.S. 
does not afford such positions (except that in giving limited 
position advantage in the order of available copy, one adver- 
tiser may stand opposite the close of these “‘editorial’’ utter- 
ances). The advertiser with interesting and convincing 
information—information important in the work of the 
audience he addresses, provides his own “‘reading matter’. 
When such messages are even more general—as they may 
well be when the necessary stresses and limitations of a war- 
ruled world are ended—the T.P.S. should compete in interest 
with any “reading matter” this journal has to present. In- 
telligent readers need never be tricked by mere propinquity 
into reading intelligent advertising . . . Finally, a word of 
sincere appreciation of the effort that has gone into these 
T.P.S. pages—constructive participation in difficult times 
when some of the advertisers have nothing to offer the private 
buying public so long as war is their daily routine—nothing 
to offer but goodwill; nothing new to gain but goodwill. 


Institute endorsement of the pages which follow in this 
section is neither given nor implied. 
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and the Treasury's highest award for bond 


First in our field to win the Army-Navy 


purchasing, the Bullseye flag 
humbl) 


signal honors 


that make Stearns aware of their 


responsibilities. 


STEARNS 


Equipment fights Inflation 


In hundreds of concrete products plants 


Stearns material handling, mixing and 
block making equipment is waging a 
successful battle against the dangerous 
trend of rising costs—énflation From 


storage bins to curing rooms Stearns Skip 
Loaders, Batch Mixers and Block Machines 


vibration and tamp type) are reducing 


man power and waste motion, cutting 


maintenance to a bare minimum, producing 
more blocks per man per hour than other 
equipment of comparable price They are 
literally ‘‘holding the line’’ 

This is backed and maintained by Stearns 


Service Men who, working ‘round the 


clock, are keeping Stearns machines in 


the field operating at top efficiency 


* 
on 


With 


Engineers are continually exploring new 


an eye the future, Stearns 


possibilities in concrete products manu- 


facture—possibilities that we are confident 


will adequately handle the avalanche of 


concrete masonry units that will be 


required after the war 


In the meantime and all the time, Stearns 
plant men, office staff and management 
workers all) are buying more and more 


of the world’s best WAR 


BONDS 


investment 





Stearns Manufacturing 


Co., Inc., Adrian, Mich. 








Piensers in the development of equipment for the oclume production of concrete masonry units by 


etbration Lecensed under the hasic Gelbesan 


tamp type block and brick machines, mixers, 


vibration patents.) Manufacturers of vibration and 


ship loaders. 
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BLAW-KNOX DIVISION of Blaw-Knox Company 


Farmers Bank Bidg. * Pittsburgh, Pa. —New York, Chicago, Birmingham, Philadelphia 


TRUKMIXER LOADING PLANTS 


Blaw - Knox Trukmixer Loading 
Plants include complete equipment for 
overhead storage of aggregates and 
bulk cement; also accurate weighing 
batchers (either manual or automatic) 
for measurement of aggregates, bulk 
cement, water, and admixtures. 


Many of these plants are made up of 
an assembly of standard bin and batch- 
ing units. Blaw-Knox also designs 
special plants to fit special requirements 
and conditions. Accuracy of propor- 
tioning; speed, economy, and ease of 
operation, sturdiness and durability of 
equipment are stressed in the design of 
Blaw-Knox Trukmixer Loading Plants. 





BULK CEMENT PLANTS 


Complete Blaw-Knox Bulk Cement Plants 
include equipment for unloading cement from 
railroad cars or trucks, elevators for elevating 
cement into storage bins, the overhead storage 
bin, and weighing batcher equipment for meas- 
urement of cement. 

They are available in a portable design which 
provides for easy and economical erection, dis- 
mantling, and moving. Blaw-Knox also fur- 
nishes larger bulk cement plants where large 
overhead storage is required, or for several 
brands of cement. 

The weighing batcher equipment is either of 
the manual or automatic type, designed for easy 
operation and extreme accuracy. The storage 
bin equipment is sealed for protection of the 
cement against weather. 


ROAD FINISHING MACHINES 


The Blaw- Knox two-screed finisher 
for concrete paving for roads and air- 
ports is arranged for utmost fle xibility 
in operation to take care of varying 
textures of concrete. The machine is 
equipped with six traction speeds, 
forward and reverse, and four screed 
speeds. Screeds are adjustable for 
crown; also, screeds with quick crown 
change device for flattening crown on 
curves for road paving aré available. 





Vibratory attachments for concrete 
paving are also furnished when speci- 
fied with Blaw-Knox Finishing Ma- 
chine. Accessories are available for 
use of the Blaw-Knox Finisher on high 
type asphalt paving construction. 

Five ft. width adjustment available; 
10 to 15 ft. and 20 to 25 ft. machines 
are standard. 
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e BLAW-KNOX. e 


CONCRETE SPREADERS 


The Blaw-Knox paving Spreader has 
i had « wide application to concrete pav- 
ing on roads and airports. It is auto- 
matic in its action regardless of where 
the concrete is placed between the side 
forms. It spreads concrete for the base 
course, ready for the placing of the mesh 
reinforcing and then spreads the upper 
course of the concrete over the mesh to 
finish grade ready for the finishing 
machine. The spreading blade and final 
strikeoff are quickly and easily adjust- 


te ee ee 








f able for elevation. The Blaw-Knox 
j Concrete Paving Spreader easily main- 
\- i tains pace with the largest paving 
Ss mixers in use. 

s Vibratory attachments for concrete 
i paving are also furnished, when speci- 
. fied, with the Blaw-Knox Concrete 
if Paving Spreader. Five ft. width adjust- 
if ment available; 10 to 15 ft. and 20 to 
f 25 ft. machines are standard. 


: BLAW-KNOX SELF-ALIGNING PAVING FORMS 


The self-aligning feature of 
Blaw-Knox Paving Forms _per- 





. mits rapid form setting; always 
true to line and grade, regardless 
: of whether the steel stakes are 
a bent or forced off plumb in stony 
ground. Forms are reinforced 
h and stiffened to carry heavy ma- 
;- chines without distortion or 
r appreciable deflection. Use of 
e high carbon steel plate adds to 
il inherent rigidity of form design. 
of 
y CONCRETE BUCKETS 








re P » . . ‘ > . 
, The Blaw-Knox Roller Gate Concrete Bucket is advantageous for the handling of mixed concrete of 
e ; & 
any consistency. The discharge gate consists of a flexible rubber pad mounted on anti-friction rollers 
) ge € I 
and does not leak grout. 
It is tight. This design of 
S gate can easily be closed be- 
fore discharge of the com- 
- plete load from the bucket 
r- The discharge opening at 
ty the bottom of the bucket 
1g is large, and the hopper 
= slopes are steep insuring 
7 rapid and complete dis- 
‘or charge of dry concrete. 
mn These buckets are available 
on in sizes ranging from 1 yard 
to 8 cubic yard. 
‘te = 
% The Blaw - Knox Clam 
ci- 
Gate Concrete Bucket is a 
a- 
a low cost unit for handling 
sh concrete of normal consis- 
tency. It is furnished in 
le: the following sizes: 4, %4 
le; and 1 Cubic Yard capaci 
es tes. 





Type R—Roller Gate Type C—Clam Gate 
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THIN SHELL CONCRETE ROOFS 














LESS STEEL with BALANCED DESIGN 
Total weight of reinforcing only about 14 to 14 of amount required 
fur comparative structural steel design. 


CONSTRUCTION SPEED and LOW COST 


Smooth underside of roof permits formwork to roll on own wheels 
for many reuses and remarkable savings in cost. 


GREATER SPANS for MORE USEFUL SPACE 


Beam action of curved roof utilized to save materials. 
Fewer columns and improved lighting and ventilation. 


ADAPTABILITY and PERMANENCE 
Defense plants, warehouses, hangars, etc., built with speed and 
economy. Less vulnerable to bombing, sabotage and fire. 





ROBERTS AND SCHAEFER COMPANY 
ENGINEERS 
307 North Michigan Avenue, Chicago, III. 
Eastern Branch Office: 1711 Connecticut Ave., N. W., 








Washington, D. C. 
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Unloading and Conveying 
Pulverized Materials From 
Box and Hopper-Bottom Cars 


Fuller-Kinyon Stationary Pumps are being used for unloading 
from both box and hopper-bottom cars through a simple 
arrangement. 

The handling of war materials in hopper-bottom cars has 
caused an unprecedented demand for this type of car and many 
materials must be shipped in box cars. The installation shown 
is for handling asphalt filler dust but 
can readily be applied to other materials. o 
Unloading hopper-bottom cars, the | 
regular installation is used. When un- q 
loading box cars either a permanently ] 
attached spout, or portable one, is 
provided and material plowed or shov- 
eled into it through the door. This 
spout discharges to a reclaiming spout 
from the storage bin to the Fuller- 
Kinyon Pump under the track. This 
pump may be used to fill or withdraw 
material from the bin and convey it to t | 
the process plant. A Fuller Rotary 1\ || 
Single-stage Compressor supplies air 4 ON 
for the conveying system. / wn, 


STORAGE BIN 





i 
a9 


“ 
" - 


190 FT. -> 
[=== 


FULLER 
LiL ROTARY 
| VALVE 


| 










BOX CAR 
UNLOADING SPOUT 


| 


" 
| 
1 | 


: 








FULLER ROTARY 




















| SINGLE-STAGE 
| COMPRESSOR 
iT 
} 
aN 
FLEXIBLE \ 
CONNECTION \ 
~ 
mT 4s 4 - 
HOPPER EXTENSION, ] 
J 
FULLER. KINYON 
PUMP ~~ 
P-64 


FULLER COMPANY 


CATASAUQUA—PENNSYLVANIA 


CHICAGO, 3 WASHINGTON, 5, D.C SAN FRANCISCO, 4 
Marquette Bldg Colorado Bldg Chancery Bldg 
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25 Years’ Progress in the Placement 
and Finishing of Concrete Pavement-- 


as shown by comparisons between the War 
Years of 1918 and 1943! 








In 1918 (one year after our Lakewood engineers introduced the first 
mechanical finisher) a contractor who placed and finished 350 to 400 
ft. of 18 ft. concrete road of 6-8-6 cross section in a 10-hour day was 
well satisfied. 


In 1943, under war-time urgency, runs of 300 ft. of 25 ft. wide slab of 
9-7-9 cross section were made in a single hour by using one Jaeger- 
Lakewood Type “H”’ Finisher and one Jaeger Screw Concrete Spreader 
behind two 34E dual drum pavers. On an Ohio glider base this finish- 
ing pace was maintained for 17 hours, resulting in a record day’s 
production of 5335 ft. (over one mile) of 25 ft. slab. On 10 ft. slab of 
6” thickness, in Canada, two Jaeger Spreader Finisher teams, each with 
a 34E paver, attained peak production of 11,500 linear ft. per 12 hour 
shift, working around the clock. 


On an average, the 1943 contractor, equipped with 34E dual drum 
paver, concrete spreader and finisher, easily laid 6 times as much pave- 
ment per day as was possible with his 1918 paver and finisher. The 
equipment which gave him this 6 times greater capacity cost him only 
twice as much. 


The Lakewood Finisher of 1918 was good for a total of 30 to 40 miles 
of work; any Jaeger-Lakewood built in 1943 is capable of 150 to 200 
miles, handling much drier, harsher material. 


Finally, the cost per sq. yd. in 1943, compared with 1918, was approxi- 
mately 50% less and the concrete stronger, denser and more uniform 
in texture due to use of drier mixtures and elimination of the segregation 
which formerly occurred with hand-shoveling. 


The above progress in the placement and finishing of concrete pave- 
ments has resulted from the development of the finishing machine 
(originated by Jaeger-Lakewood in 1917) the 25 year evolution of the 
paver to its present 34E dual drum size, and the introduction of the 
mechanical concrete spreader (originated by Jaeger in 1931) which, 
by knocking down and spreading ahead of the finisher, has made it 
possible as well as profitable to use a paver of the size of the 34E dual 
drum. Even with pavers as small as the single 27E this “mechanized 
paving team” has proved efficient for half-width construction and for 
vibratory concrete in any width. 








THE JAEGER MACHINE COMPANY, COLUMBUS, OHIO 
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How One Contractor Paved 240 
Miles of Runway Slab at 
War Speed: 


In the first 18 months after Pearl 
Harbor, Koss Construction Co., 
Des Moines, Ia., completed 13 
contracts for over 3,500,000 sq. 
yds. of concrete airport paving 
(equivalent to over 240 miles of 
25 ft. slab)—all poured with 34E 
dual drum pavers followed by 
Jaeger Spreader-Finisher Teams. 


Two of the big pavers were often 
used with one Jaeger Screw 
Spreader and one Jaeger Finisher. 


Mr. Richard Koss states: “At no 
time has this Jaeger equipment 
failed to keep up with the pro- 
duction of two pavers and this 
includes all types of weather from 
the very hottest days to the coldest 
winter days that we poured con- 
crete . . . In spite of the large 
amount of yardage already laid, 
the machines are still in excellent 
shape.” 


Vibratory Mixes 


Were 
Handled. 


Easily 


~ me 

pi Dy 
¥- 
r 


Below: Two 34E Dual Drum 
Pavers with Only One Jaeger 
team. 














Manufacturers of Concrete and Bituminous Spreading and Finishing Equipment, Form Tampers, Road 
Forms, Concrete and Bituminous Mixers, Truck Mixers, Pumps, Hoists, Yard Cranes. 

















346 JOURNAL, AMERICAN CONCRETE INSTITUTE (advertising) 





how to save your structures... 


dll alnouncemen 


ten years in the 





making 


Four years of research in the Horn Laboratories 
with irreversible inorganic gels . . . six years of 
field proof on hundreds of structures . . . ten long 
years in all. Now the A. C. Horn Company, with 
47 years of Building Material experience, an- 
nounces WATERFOIL — the protective and deco- 
rative treatment for masonry surfaces. 


“Waterfoiling” concrete, stucco or brick surfaces 
lengthens the life and beautifies structures. WATER- 
FOIL impedes the penetration of water which causes 
reinforcing bars and mesh to rust and concrete 
to spall. 


WATERFOIL is a unique development. It is man- 
ufactured of non-critical materials. It contains no 
Linseed Oil — Casein — Resin Emulsion — Volatile 
Thi s or C t 





WATERFOIL becomes an integral “welded” part of 
the surface to which it is applied. No primers 
are required. 


If you have poor appearing, disintegrating struc- 
tures in need of restoration and protection, ask 
for details .. . Yes, you can get WATERFOIL without 
priorities. Write today. 


A.C.HORN COMPANY 


BUILDING MATERIALS DIVISION 
Long Island City (1), New York 


WATERFOI 


THE UNIQUE TREATMENT FOR EXTERIOR MASONRY SURFACES i. a 





Feb y 1944 


———————— 








| 
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KOEH RIN G 








TILTING 
AND 


NON-TILTING 
HEAVY-DUTY 
CONSTRUCTION 
MIXERS 





Koehring Concentric Zone Tilting Mixer 
56-S, 84-S, 112-S 


Important progress in the design of Koehring Tilting Construction Mixers 
during the past years has been made to further the production of better con- 
crete . . . concrete best suited for the large volume dam structures and other 
similar projects. These improvements, because they are responsible for better 
concrete, also permit concrete production in a shorter mixing period. Large 
drum single opening, 15° above horizontal mixing position and 60° below 
horizontal discharge position are a few of the important progress changes in 
the design of Koehring Tilting Mixers. 


Tilting migers are buile in 
sizes 2, 3 and 4 cubic yards of 
mixed concrete and can be used 
in concrete plants singly or in 
batteries of 2, 3, 4 or § using the 
concentric zone plan for dis- 
charge into one central hopper. 
Charging is also from one cen- 
tral group of bin and batchers. 


Non-Tilting Mixers are avail- 
able in sizes of 1, 2 or 3 cubic 
yards per batch. The Kochring 
Flow-Line discharge chute for 





minimum of segregation is one 
of many recent design improve- 
ments. 


Koehring Non-Tilting Mixer 28-S, 56-S, 84-S 


KOEHRING COMPANY - - Milwaukee, Wis. 
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FIGURE IT 
FOR YOURSELF! 


Complete Cost . . 19c 


Working Parts 
Refund... . l4c 


YOURCOST. .. 5c 





WHERE ELSE CAN YOU GET 
ECONOMIES LIKE THIS? 


The big thing about Richmond's Pre-Fabricated Form-Tying 
Devices is their amazing low cost-on any kind of concrete 
form-tying job. For instance, on a 2" Tyscru you pay 3% 
and get 3lc back on our working parts refund; cost just 8c! 
Every Richmond Pre-Fabricated Form-Tying Device is correctly engineered so 
that every part of the assembly plays its full part for assured strength. Not 
“guessed strength” as in field assembled wire, band and rod ties! And where 
else can you get the same complete service as you do from Richmond's Job Plan 
ning Bureau, with engineering layouts, precise estimates, working suggestions 
etc.? Send for your copy of “Form-Ty Engineering” and figure it for yourself 


Yours for the asking! 
: Richmond also makes shear developers, turnbuckles, steel accessories as we 
y as the only complete line of tying devices for concrete form work 


RICHMOND screw 














ANCHOR COMPANY, INC. 


BERTY AVENUE ° BROOKLYN NEW YORK 
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BESSER Vibrapac BETTER Concrete Masonry Units 
THE MODERN BUILDING MATERIAL 


OLD In Proved Durability 
NEW In Design And Effect 


BESSER Vibrapac BETTER 
Concrete Masonry Units have 
established a new height of 
perfection in Concrete Mason- 
ry. Vibrapac units can be 
controlled in density and tex- 
ture for any special modern 
requirement in exterior and 
interior use. Adapted to all 
types of buildings and all 





styles of architecture. 


BESSER Vibrapac 
BETTER Concrete 
Masonry Units in 
the hands of skilled 
architects and build- 





ers have become in 


effect a new build- 





ing material. 


BESSER Vibrapac BETTER Concrete 
Masonry units are manufactured by 
high production methods which make 
them most economical compared with 
any other building material. Vibra- 
pac masonry construction offers safety, 
permanence, insulation and low up- 
keep. 


set... BESSER MANUFACTURING CO. 


Copestiy 600 - 8” ThA a 16" per how made 3 800 44th Street 
at a tim et. ts — . . , 
made yh Ay 4 poe the cm palla. ALPENA ° “ be MICHIGAN 
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Quality Cements for 


— concreting demands modern cements for speed and economy Fie 
in construction and durability in service. This means selecting for each 

job, or for various parts of the same job, the type of cement which produces 

the lowest concreting cost—forms, time and cement all considered. Between 

them, Lone Star Cement and ‘Incor’ 24-Hour Cement cover the entire range | 





im 


of concrete construction: 


LONE STAR CEMENT for normal building schedules, where time for curing 
and hardening is available; 


‘INCOR’ 24-HOUR CEMENT where reduced curing time and dependable high 
early strengths provide important construction economies. 


Both Lone Star Cement and ‘Incor’ 24-Hour Cement produce workable, 
easily-handled mixes and assure concrete of utmost durability, as demonstrated 
by outstanding performance in all types of structures, over the entire range 
of exposure conditions. ‘Incor’, America’s first high early strength Portland 
cement, shows the way to faster, more economical construction schedules. Jo 
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Compresnion Tests of 6412 inch cylinders. Made cured and Sano ano Gaavel Aoaneoarte 
: § Sand : 0-48, Fineness Modulus 2.460 
tested in accordarce wth ASTM specifications ; j 
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Water/ Cement Ratio Strength Curves are average of fests on : 
5 mises containing 46 445.64 14 bags coment per cusd Note : New York aggregates ured in tarts. Similar relations can 
concrete Each port averege of 3 o/s. ~ 246" Slump be establ!shed with other aggregates, Optimum Sand content 
waries with mis, fineness modulus and Type of aggregates 


To help Contractors, Engineers and Architects design concrete mixes and plan construction schedules, 
Lone Star Cement Research Laboratories furnish up-to-date performance data—see typical graphs, 
above. Continuous research and rigid manufacturing control assure utmost quality and uniformity 
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Every Concrete Need 


Field experience since 1927 shows that ‘Incor’ 24-Hour Cement provides 
important advantages on these types of work: 


Structural Work: 24-hour form removal . . . high-speed schedules... 
50 to 60% less forms. No reposting .. . ready for immediate use. 


Heavy-duty Floors: Overnight service .. . superior wear resistance with 
only 24-hour curing. For severe exposures, cure 48 hours. 


Watertight Concrete: Thorough curing in 1-2 days... saves 5-7 days’ curing 
... helps assure watertight concrete. Smoother-working ‘Incor’ concrete 
places easily, without separation. 
Products Plants: Early strength means utmost utilization of equipment 
... minimum yard space .. . faster turnover. 
Winter Construction: Now economical ... only 1-2 days heat protection 
. savings on forms, heating, tarpaulins. 
Job analysis will show where ‘Incor’* and Lone Star Cements produce the 
greatest economy ... selective concreting is the best way to get your money's 


worth in quality concrete. *Reg. U.S. Pat. Off. 





LONE STAR CEMENT CORPORATION 


Offices: ALBANY + BIRMINGHAM + BOSTON + CHICAGO ~ DALLAS + HOUSTON + INDIANAPOLIS + JACKSON, MISS. 
KANSAS CITY, MO. + NEW ORLEANS + NEW YORK + NORFOLK + PHILADELPHIA + ST. LOUIS + WASHINGTON, 0.¢ 
LOWE STAR, WITH ITS SUBSIDIARIES, IS ONE OF THE WORLD'S LARGEST CEMENT PRODUCERS . . 15 MODERN MILLS . . 25-MILLION BARRELS ANNUAL CAPACITY 
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SAVE $800 A MILE WITH BAILY VIBRATORS 





} Baily Twin Tube Full Width Roadway 
Vibrator—22 Ft. 


WITH 


Baily “Junior” 1 H. P. Portable =—> 
Vibrator for side forms and transverse 
joints. 


Yes, by utilizing BAILY VIBRATION in the construction of a 24-foot concrete 
roadway you can save approximately $800 a mile—and get a better roadway. 


Vibration produces a stronger, denser slab with a worth while saving in cement— 
the most expensive ingredient. Or look at it this way—more miles of road for the 


same money thereby providing more total employment of labor, a MUST when 
peace comes. 


Baily produced the first vibrating screed for highway construction. . . Baily pro- 
duced one of the first portable internal vibrators for structural concrete ce 2 and 


Baily has continued ever since to pioneer in various types of apparatus for concrete 
vibration. 









BAILY PORTABLE VIBRATORS for 
structural concrete. They include gasoline 
powered flexible shaft units in several sizes, 
at vibrating speeds from 3600 R.P.M. to 





4 9200 R.P.M 

YY BAILY ROADWAY VIBRATORS. full 

aS width types. Surface type vibrating screeds, 

for attachment to finishers, also for hand- 

Baily 3 H. P. portable vibrator, with wheel- propulsion with power plant carried on 
barrow (steel wheels for the duration) the screed. 


BAILY CONCRETE PIPE VIBRATORS, portable, with internal vibrating elements as small as * 


4 
inch diameter, but powerful, will be offered for post-war work. 





1539 WOOD ST., PHILA. 2, PA. 
BAILY VIBRATOR CO. bearers IN PRINCIPAL CITIES 
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A Statement To Concrete Engineers 


Like you, we are interested in improving concrete quality. This clearly demands 
much improvement in batching equipment and procedure. How to get it? After 
living with this problem for a long time we have reached the conclusion that the best 
approach is through the specifications. Experience has shown us, and we believe it has 
shown you, that a specification which gives a strength requirement, and at the same 
time calls for more cement than is necessary to get that strength, directly encourages 
inaccurate batching and cheating in cement. 


The use of ample cement to insure durability and other desired qualities is imperative 
but if you are going to pay for cement to insure durability why not get, without extra 
cost, the strength which that amount of cement ought to produce? Calculate the 
strength that the desired cement factor, type or brand of cement and consistency ought 
to produce under good control methods and specify that strength without a minimum 
cement factor. Tables 1 and 2, Section 304 of the Joint Committee Report provide an 
authoritative method of correlating strength and exposure. The A S T M backs this 
procedure by including in their new Specifications for Ready-Mix Concrete, for the 
first time, a method of specifying concrete by strength only and the Uniform Building 
Code, already adopted by 312 cities, specified this method exclusively. 


What effect would this have on the concrete producer? It is clear as crystal that he 
would have to watch his grading and his water content like a hawk or go broke. He 
would produce uniform concrete and you would not have to watch him to get it as the 
cylinder tests would tell the whole story. He would make his profit by accurate control 
of every variable and the invitation to cheat in cement would be completely removed 


Specify by strength, with strength requirements adjusted to exposure conditions, and 
controlled concrete must follow. 


{SC}? Control can help you in this. It is a tool that you can use in any batching 
plant, one that will enable you to do better work and do it easier. It provides a test 
for the water content of aggregates that can be made in a minute and that is accurate 
to the nearest 14 percent; a test that can be made for every batch when conditions make 
that necessary. It provides a completely automatic method of compensating for the 
water content of aggregates that will deliver them to a tolerance of 144 percent of speci- 
fied dry weight and control the TOTAL water to a tolerance of less than 1% gallon per 
cubic yard; a method so simple that any weigh-man can use it. In addition it provides 
a graphic record of every ingredient in every batch and shows the exact time of batching 
each load. This is the “‘cash register’ of concrete batching and it controls dishonesty 
to about the same extent as a cash register does in a store Neither is completely infallible 
but both are powerful aids. Add to all this the exclusive use of “Toledo,” the world’s 
most accurate scales and Toledo maintenance to keep them accurate. 


{SC}? Control was investigated and approved by the Bureau of Standards and Appeals 
of the city of New York. It has been used on the construction of many War projects 
including the Pentagon Building, Washington, and the Dodge Chicago Plant, each 
said to be the world’s largest of its kind. On the latter, the Architects, ALBERT KAHN 
ASSOCIATES; the Contractors, GEORGE A. FULLER COMPANY and the in- 
specting Engineers, RUSH ENGINEERING COMPANY have all expressed unqualified 
approval of the results obtained. 

[SC}* Control has satisfied and pleased every engineer, contractor and ready-mix 
plant operator who has used it. Based on experience we know it would satisfy and 


please you. 


May we send you full information? 


SCIENTIFIC CONCRETE SERVICE CORPORATION 
McLachlen Building, Washington, D. C. 
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...AND PLANS FOR TOMORROW 


Although engaged primarily in war construction work, the Raymond Company 
is not too busy to give careful consideration to your foundation requirements — 
and today has ample equipment and skilled personnel available for work in all 
parts of the world. So, once your projects have been properly authorized by the 
government, you can count 100% on the Raymond organization being willing and 


ready to serve you...as they have been serving for the past 46 years. 


Whether your project be large or small, nearby or distant, your inquiries will 


receive prompt and careful attention. Let us know what you are planning to do. 


SCOPE OF RAYMOND’S ACTIVITIES ® AY ae o & 9] 
includes every recognized type of 

pile foundation — concrete, composite, 

precast, steel, pipe and wood. Also CONCRETE PILE COMPANY 
caissons, construction involving shore 

protection. ship building facilities, Branch Offices in Principal Cities 
harbor and river improvements and 


borings for soil investigation. 140 CEDAR ST. ° NEW YORK 6, N. we 
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eficiency with a Viber Vibrator. 


Keep ahead of schedule with Viber! 
POWER 


Viber-built electric motor, 110 volts A.C. 
or D.C. Rating 1% H.P. at 9500 R.P.M. 
Push and pull 30 ampere switch mounted 
in motor housing, protected from moisture. 
Net weight of motor, 35 pounds. Pneu- 
matic and Gasoline Motors also available. 

FLEXIBLE SHAFTS 

1% inch diameter; built in 6 ft., 12 ft. 
and 21 ft. lengths. Viber-built casings. 
Gamma spring wire track covered with 
multiple |aminations of wire braid 
(280,000 Ib. tensile strength) and spirally 
wound. fabric. Rubber covering. Stretch- 
ing eliminated. No outside reinforcing to 
catch on form 





FOR ALL CONCRETE 
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FO nei, ER 
STRUCTURES 

Viber “Viberation” equipment is powerful, rugged, fast... but EASY to 
carry and handle! Your operator can work all day long at top speed and 


Viber’s portability means less strain, less 
fatigue—more production, lower cost. 


Viber offers other exclusive features. 


VIBRATORS 

13% inch, 2% inch and 3 inch diameter. 
Approximately 11 inches long. Heat treat- 
ed alloy steel housings. Rotating weight 
mounted on ball bearings running in oil 
bath. Vibrating speed in concrete 9500 
R.P.M. 

Complete INTERCHANGEABILITY 
of Flexible Casings and Vibrators allows 
the use of the largest diameter vibrator 
permitted by steel spacing. 


Distributors in principal cities in the 
United States, many foreign countries. 













VIBER 


COMPANY 726 South Flower St. 


BURBANK, CALIF. 
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Aquastatic 


CONCRETE CURING COMPOUND 





AQUASTATIC Concrete Curing 
Compound, introduced after the first 
adequate research on the basic prob- 
lems involved, has made membrane 
curing an accepted construction 
method, around which curing tech- 
nique and present specifications have 
largely been written. Continued re- 
search and accurate plant control 
have kept AQUASTATIC the stand- 


ard curing material. 





SOLVENTS AND PLASTICS COMPANY 


8032 Forsythe Blvd. 35th and Tyler Streets 
St. Louis 5, Missouri Louisville, 12, Kentucky 


Distributors in Principal Cities 
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VACUUM CONCRETE 


trolled Vacuum suction 

































QUALITY 


SPEED 


ECONOMY 


4210 Sansom Street 


5 to 8 gals. of water per cubic yard have been removed by 


alter the concrete has been placed in the forms.) 


Water-Cement ratio reduced 1 to 2 gals. per sack of cement. 
Doubled 3-day strength; 50°% gain at 28 days. 
Less Shrinkage—less cracking. 

Greater resistance to Wear, and Freezing and Thawing. 





Dewatering permits control of finishing overtime, making 
possible larger daily pours and late starts to utilize 
otherwise-wasted part-days. 

Removal of free water permits safe concreting at lower 
Winter temperatures. 

Stripping strength at 3 days makes it easy to hold 
mid-Summer speed all Winter. 


SAVE: Placing: —$25. to $50. per day. 
Mix: 24¢ to 2¢ per sq. 
Finishing: 1¢ to 2¢ per sq. ft. 
Dust-Coat or Drier (not needed) 
l4¢ to 14¢ per sa. 
Plus: 
Fewer forms—simpler, cheaper Winter protection— 
earlier completion, etc. 
Nothing to buy, ship or store—YVACUUM pro- 


cessing equipment is rented. 


Over 50,000,000 sq. ft. of concrete surface VACUUM- 
processed for various U. S. Government Agencies 
including such structures as Shasta Dam (pi Way); 
Fontana Dam (Spillway Tunnel inverts); Navy 
Dry Docks (walls); Concrete Ships. 

75% of VACUUM contracts have been with con- 


tractors who have used Process on two or more projects. 


VACUUM CONCRETE, INC. 


Tel. BARing 4545 Philadelphia 4, Pa 
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AIR-ENTRAINMENT with HP-7 


A Product of 
MASTER BUILDERS RESEARCH LABORATORIES 
o 
__ The use of air-entrainment to improve the durability of concrete pavement 
is an important development that promises to effect great economies in high- 
way maintenance. Studies of various methods of and agents for entraining 
air by Master Builders Research Laboratories have — the product 
HP-7, an invention which combines the principles of air entrainment’ and 
cement dispersion, and produces the advantages of both. 

There are two principal methods employed to increase the air content of 
pavement concrete in order to increase its durability: 4, The use of treated 
cements which have had fatty or resinous materials interground with the 
clinker; 2, The use of normal, untreated cements to which a separate air- 
entraining material is added when the concrete is mixed. 


Treated cements having fatty or resinous material interground appeared 
to have the advantage of simplicity, but actual field experience has proved 
that close control and uniform results are easier to maintain when a foam- 
ing agent is added separately. (J. W. Kushing, Roads & Streets, December, 
1941). This latter method gives the field engineer a direct, accurate means 
of obtaining the desired amount of air entrainment in his concrete, which 
under many conditions he would be unable to secure with a treated cement. 


Furthermore, results are difficult to control when using the interground 
fatty or resinous materials because of the mechanism by which they entrain 
air. Fatty or resinous materials not being foaming agents in themselves 
must be converted into foaming agents through the mechanism of saponifi- 
fication with the alkali and alkaline-earth metals present in the liquid phase 
of the concrete or mortar mix. The completeness of such a reaction (which 
is dependent upon the usual variables affecting any chemical reaction) influ- 
ences the amount of entrained air that will be obtained in the mix. Varia- 
tions in cement composition for a given resin or fatty content are sufficient 
to affect the completeness of this chemical reaction. This variable makes 
for wide differences in the amount of entrained air, which in turn affects 
flexural and compressive strengths of the resultant concrete. 

HP-7 contains sodium lauryl sulphate, a foaming agent which gives a 
uniform air content to the mix under normal job control. Whereas tee or 
resinous materials are influenced by the cement composition, sodium laury] 
sulphate is not. Hence, these variables which influence air content are 
largely eliminated. Laboratory and field performance data on this point are 
matters of published record. 


ADVANTAGES AND METHODS OF USE 
The advantages of HP-7, employed with normal cement in pavement 
concrete, fechas: 
(1) HP-7, by lowering water-cement ratio sufficiently through cement 
disperson, 
(a) Increases strength at the same cement factor* 
(b) Maintains normal strength at 10% lower cement factor* 





* Instead of reducing strength. ‘“The average decrease in strength for the commonly known air- 
entraining agents when saat ie amounts to cause 3-4% increase in air content, is perhaps 20-25%. 
This 20-25% figure, however, holds only when the water has been reduced so that the concrete 
will have a consistency comparable to that of a concrete made in the absence of the air-entraining 
agent. At identical water-cement ratio, the presence of an air-entraining agent in the same amount 
may cause decreases in strength of as much as 40-60%." (Henry L. Kennedy, J.A.C.1., June, 1943). 
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Thereby producing Durability and Strength sought at lower cost, or 
superior results at same cost. 


(2) Makes possible closer control in field operations, and permits the use 
of less perfectly graded aggregate. 


(3) Can be employed with high early strength cement. 


HP-7 is added to the concrete at the mixer in amounts predetermined to 
give the results required on the project. Attention is called to the fact that 
variations may be easily adjusted from time to time by increasing slightly, 
or decreasing slightly the amount of HP-7 employed to obtain desired results. 


The procedure for converting an established concrete mix, untreated, into 
a mix with 3% additional entrained air through the use of HP-7, maintain- 
ing the strength and consistency of the established mix, and reducing the 
cement factor 10%, is as follows: 
1. Determine the unit weight of the untreated reference mix. 
2. Employing the same quantities of fine and coarse aggregate as in the 
reference mix, make a second mix containing 10% less cement, with HP-7, 


and with total water content reduced to give the same consistency as the 
reference mix. 








3. Determine the unit weight of the HP-7 concrete. 


4. If the unit weight of HP-7 concrete is approximately 3.5 p.c.f. less than 
that of the reference mix, consider the treated design satisfactory. The 
change represents approximately 3°% additional entrained air. 


Determination of the yield of the HP-7 mix: 


\ Assume for example the reference mix to contain 6.0 sacks cement, a water- 
cement ratio of 5.5 gals., and a unit weight of 150 p.c.f. When the cement 
| factor is reduced by 10%, or 0.6 sacks, maintaining the same water-cement ; 


ratio and consistency with HP-7 added, the unit weight will drop to approxi- 
mately 146.5 p.c.f. Since the quantities of fine and coarse aggregate have not 
been changed, the absolute volume changes in the treated mix are calculated 
as follows: 


Absolute volume of 0.6 sacks cement removed........... 0.28 c.f. A 
Absolute volume of the water reduction in the treated mix 0.44 


| boii 
Total absolute volume reduction in the HP-7 mix........ 0.72 


Unit weight of an untreated mix with 0.6 sacks less cement 
(5.4) and 0.44 c.f. less water (150 x 27) — (56 plus 28) 





27.0 — 0.72 
| A. Peer erre eee eee 151 _ p.c.f. 
i a eer re re 146.5 
i 
Unit weight reduction obtained....................... 445 


The unit weight reduction of 4.5 p.c.f. which represents approximately 
3% increase in air, increases the yield of the HP-7 mix by 0.8 c.f. Inasmuch 4 
as the yield was reduced 0.72 c.f. by the reduction in cement plus reduction , 
in water, the net change in yield is only 0.08 c.f. increase and can be dis- 


regarded. 
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CONTROL OF FIELD VARIATIONS 


For a given set of conditions, where mixing time and consistency remain 
constant, and the amount and character of fine aggregate remain unchanged, 
the amount of air-entrainment will remain reasonably constant. Some varia- 
tion in air content will exist under the most ideal job conditions. In general, 
variations of plus-or-minus 0.5% may be disregarded. Greater than 0.5% 
variations may result from the following causes: 


1. With mixing time constant, if slump increases, the air content increases 


(a) more in’ the case of wet, lean mixes 
(b) less in the case of rich stiff mixes 


nN 


With a constant slump, if mixing time increases, the air content increases 
(a) more in the case of wet mixes 
‘b) less in the case of dry mixes 


3. Change in the character of the fine aggregate may affect the amount of 
air entrained. Extremely fine sand may give higher than normal amounts; 
extremely coarse sand may give lower than normal amounts. 


Since mixing time and consistency are usually fixed on any given job, 
changes in the ratio of sand to total aggregates will be frequently used to 
effect changes in air content. An increase in the sand-aggregate ratio will 
usually give an increase in air content, and a decrease in sand-aggregate 
ratio will give a decrease. Change in the sand-aggregate ratio should be not 
greater than two ratio units, except where the original mix is over-sanded. 
As indicated above, further modifications in the amount of entrained air in 
the HP-7 mix may be affected by increasing or decreasing slightly the 
amount of HP-7 added per sack of cement. 


FIGURE 1 





Plain Concrete HP-7 Concrete 
5% sacks per c. y., 3” slump 5.0 sacks per c. y., 3” slump 
After 19 cycles of freezing and After 75 cycles of freezing and 
thawing with calcium thawing with calcium 


chloride solution chloride solution 
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The effect on durability and bleeding as illustrated by the results of freez- 
ry ing and thawing (with calcium chloride) tests is shown in Figure 1. The 
d, effects on flexural strengths with reduced cement factor, are shown in 
- Table 1. Both Figure 1 and Table 1 pertain to concrete which was field cast 
al, | in highway pavement at Rogers City, Mich. 
SE 
TABLE 1 — Flexural Tests on Paving Concrete With and Without HP-7 
Average Average Average Average Modulus of Rupture 
eS Type Cement W/C Unit of 
oO Factor gallons Weight 6x8 x %6 inch beams L 
Mix Sks/Cu. Yd. _ per sack p. .¢..%. 7 davs 98 days 
oo ss 5.5 5.76 145 630 685 
— 7 . fe eee ee 5.0 5.78 14] 630 685 





(1) Each value for the plain concrete the average of 8 tests on 4 beams. 
Each value for the HP-7 concrete the average of 16 tests on 8 beams. 




















of | 
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i 
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ate @ 
otf 
ed. 
in 
the 
} Runway at Wayne, Michigan, Field of leading 
Airplane Manufacturer (name on request) 
Cement Brand—Peerless Admixture 1 Ib. HP-7 per sack 
Sand No. 4 Down Gravel 114” Down 
Strength Requirements 7 days 1600 lbs. 28 days 3000 lbs. 
Tests by Pittsburgh Testing Laboratory — Report De-19940 
Bags Gals. Water Percent 
Cement per Sack Entrained Strength 
Date 7 Mix a Yd. Cement Slump Air 7 Days = 28 Days 
9/14/43 = 1-2.2-3.5 » ie 5.6 Sa 5 Fe 3240 4673 
9/21/43 = 1-2.2-3.5 5.5 5.6 . 4.5 3203 4680 
9/23/43 = 1-2.2-3.5 Pe 5.6 . 3.3 3501 4770 
9/24 43 1-2.2-3.5 5-5 5.6 Bd 3.5 . 3666 * 5091 
Aver. 1-223.5 5.5 5.6 3” 3.45 3402 4803 








May we take this opportunity to invite members of the Institute to visit 
our Research Laboratories and to call on us for additional data on the above 
subject or any other of Master Builders several products and services? 


C~9 


THE MASTER BUILDERS COMPANY 
CLEVELAND, OHIO TORONTO, ONTARIO 
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f FSetae® 
THE WESTBERG COMPANY 


GIVES NEW MEANING TO A 
WELL-KNOWN WORD— -] 


CONCRETE 


Breaking with all traditional methods 
in the art of concrete making, The West- 
berg Company has evolved a superior 
type of concrete known by the trade 
name of “‘WESTCRETE”, that has a 
wider range of application than any 




















7 


J 


7 





type of impervious building material. 
@ Westcrete is applied upon an exposed 
surface under distinctly different prin- 





ciples of pneumatic propulsion. Inferior 
workmanship or adulteration of materi- 
als is easily detected and prevented, 





while a constant product is assured at 
alll times because of precise mechanical 
control of mix measurements and water- 
cement hydration ratio. @ The stabi- 
lity and flexibility of Westcrete provides 
an answer to the problem of permanency 





and fast practical construction at mini- 





mum costs without alteration of your 





- e designs. @ Westcrete truly deserves 

| aN ga . = ‘ 
- ae special recognition in your Post-War 
A building plans, no matter what their 


type, size or number may be. 


WESTBERG COMPANY 
611 No. Alvardo St. 
LOS ANGELES 26, CALIF. 
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Reg. U.S. Pat. Off. 


Non-Shrink Metallic Aggregate 


KEMOX, like many famous products is ‘‘off the 
market’”’ for the duration. 


To the countless users and friends of KEMOX we 
hope the day is not far distant when it will no longer 
be necessary to accept substitutes for your important 
grouting, waterproofing and concrete repair operations. 


Meantime, we are buying War Bonds to speed the 
victory. 


CONCRETE MASONRY PRODUCTS COMPANY 


140 West 65th St. - - Chicago 
220 Denrike Building, Washington, D. C. 
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with a TRADE MARK 


VIBRATOR 


1% H. P. 
GASOLINE POWERED 








An easily portable, all-purpose tool. Has 1'% H.P. variable speed ; 
daate cylinder, four-cycle, air cooled, gasoline engine on low round 4 
steel base. Engine weighs only 55 pounds and is easily carried by one Fi 
man. Delivers a continuous flow of power for 7 quickly interchangeable P 
attachments for CONCRETE VIBRATING and SURFACING, FORM fi 
SANDING, SAWING, WIRE BRUSHING, SHARPENING TOOLS, 
DRILLING in concrete, ‘brick, iron and steel. Operates all day on very 
little fuel. Easy to keep busy. 

MALL CONCRETE VIBRATOR POWERED For their size, MALL Vibrators place 


a A Mo ol yn A more concrete than any other vibrator. 
Has variable speed, single cylinder, four rhey place a stiff mix faster thus saving ‘| 
cycle, air cooled prostine engine that runs sand, cement and labor. MALL Vibrated 
jot thay ek p saece tay es lian concrete is free from honeycombs and 
ual portability. Attachments can be fur voids, eliminating expensive hand patch- § 
nished for CONCRETE SURFACING ing. It bonds better with reinforcement, : 
arte. Fount Shubin Denttois and assures a stronger, water-tight job 
concrete, brick. iren or steel. that permits an earlier stripping of 
forms. ALL MALL vibrating elements 
are constructed of the toughest materi- 
als. Tips are welded with special metals 
to withstand the severe abrasive action 


which occurs during operation. 





a SO 





— = =. 





MALL 1% H.P. UNIVERSAL ELECTRIC Z 
CONCRETE VIBRATOR. Delivers 9000 | AIR HOSE 3 
vibration frequencies per minute under aw : 
load. Like other MALL units, it is available 
with 14 ft., 21 ft., or 28 ft., of flexible 
shafting. Has low round base mounting 
and convenient carrying handle. 








MALL 7500 r.p.m. PNEUMATIC MODEL. For 
placing concrete in tunnels, caissons, and 
other deep construction. All parts are easily 
renewable in the field and no special tools 


‘ are required Equipped with twist hand CONCRETE VIBRATOR AIR MOTOR 
throttle for easy operation 








Write for full information. 


MALL TOOL COMPANY 


7703 South Chicago Ave. CHICAGO 19, ILL. 
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CONCRETE VIBRATORS 


Dependable, Efficient, Guaranteed Performance 


For 25 years we have manufactured high frequency vibratory 
equipment. Pioneers in this field, we have continuously made im- 
provements and developments in design, materials and construction. 

* The exact type of equipment for your immediate application can 
be selected from the JACKSON line of concrete vibrators. JACK- 
SON equipment has proved its superiority on projects of diversi- 
fied size and conditions. JACKSON Line includes external type 
vibrators not illustrated—pipe machines, clamp type form vibrators 
and vibratory table units. 





HS-Al Hydraulic Concrete Vibrator 

This is a general purpose machine of the internal 
type adapted to a wide range of applications. Oper- 
ated by light oil pumped through hose line 34 feet 
long to hydraulic motor in vibrator head. Valve on 
power plant adjusts frequency desired, from idling to 
top speed of 7200 V.P.M. All moving parts in the 
hydraulic medium (oil). Vibrator head 23/,” diameter, 
standard, gas engine, air cooled, 4.7 H.P. Selected by 
contractors for all types of concrete construction. 





FS-6A Gas-Driven, Flexible Shaft 
Concrete Vibrator 

For placing concrete in wall, column and slab sec- 
tions of ordinary size. The smaller vibratory head is 
exceptionally well adapted to concrete placement in 
thinner sections. 3 H.P. air-cooled gas engine. Very 
fast. Automatic clutch. V-belt drive. Countershaft has 
oilite bearings. Turntable base, dirtproof. Optional 
wheelbarrow with drop down lifting handles. Flexible 
shaft drive. Vibrator head 24%” diameter x 181/2” long 
or 1-13/16"” x 17”. Frequency 7000-7200 V.P.M. vari- 
able with length of shaft and concrete consistency. 








FS-5A Electric-Driven, Flexible 
Shaft Concrete Vibrator 

Shaft, coupling and vibrator head same as 
FS-GA. Powered by 110 volt A.C.-D.C. Uni- 
versal motor, rated 34, H.P. at 7000 R.P.M., 
fan-cooled, Frequency 7000-7200 V.P.M. Bowl 
type base, slides easily. Regular shaft lengths 

7, 14 or 21 feet. 
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BUILT BY JACKSON 


.. + for Jobs of Varying Size and Conditions 


SC-4A Vibratory Hand Screed 


For slab, deck, floor, ramp, walk or 
highway paving where use of hand 
screed is indicated. Any wood plank up 
to 20 feet can be used. Handles quickly 
attached and detached. Vibratory motor 
mounted to side of plank as illustrated. 
Requires 110 or 220 volts, 3 phase, 60 
cycle A.C. (Specify voltage.) 





VS-E2 Vibro-Spade (Right) 


Suited to heavy general concrete construction 
such as foundations, thick walls, abutments and 
small dams. Bent rigid handle permits puddling 
concrete adjacent to side forms and transverse joints 
in pavement construction. Submergible motor, vi- 
brating head 4” in diameter, 18” long. Operates 
on 110 volt, 3 phase, 60 cycle power at 3600 V.P.M. 
Speed increased to 4000 V.P.M. when operated from 
JACKSON Power Plant. With frequency changers 
speed can be increased to 4800 V.P.M. Straight or 
bent short rigid handles; also 12” or 26” flexible 
hose handles. 15 to 25 cubic yards per hour. 





VS-4 Vibro-Spade (Left) 

Designed for heavy duty placement of mass concrete. Ideal for large dams using mass 
concrete of very low slump characteristics or where coarse, large aggregate must be placed 
quickly. Submergible vibratory motor encased in chrome nickel steel. Operates on 110 and 
220 volt, 3 phase circuits, (specify voltage desired), 11/2 H.P. input rating. Speeds from 
3600 to 4800 V.P.M. Overall length 5’. Length of vibratory unit 18!/.”. Diameter of vibra- 
tory unit 61/,”. Straight rigid type handle complete with 2 circular Iffting handles. Con- 
trol switch mounted on top of handle. 25 to 40 cubic yards of mass concrete per hour. 


Jackson Heavy-Duty Vibratory 
Paving Tube 

For speedy full width airport and highway 
concrete paving. Up to 25 feet widths. Sub- 
mergible dual tubes energized by powerful 
vibratory motors quickly transform harsh 
mixes to plastic state. Assures complete com- 
paction — easy finishing. Cement savings up 
to 10% through reduction in W/C ratio. At- 
taches to any modern finisher. Variable fre- 
quency 3000-5000 V.P.M. Finger tip controls. 


2 a ee ac =m Eu Rt ww 2h 














ES i 8 ET ES ET TINE ITS TO = Sh eS anne Per ARE BOs BN IS ae SETI 











368 JOURNAL, AMERICAN CONCRETE INSTITUTE (advertising) Feb'y 1944 


THE KELLEY METHOD DELIVERS A 
SURFACE—CREATES A SAVING IN 





The Kelley Compactor Power Float at work on dry topping thirty minutes after 
placing. The weight of the machine, plus the action of the compactor hammers 
and the rotating of the disc, compacts and floats out the topping to a smooth, level 
surface, bringing just enough mortar to the surface for the troweling operation. 


LEADING AUTHORITIES RECOMMEND AND SAY THAT: 


Low water-cement ratio mixes using graded aggregate give high strength, water tightness 
—resistance to wear—prevent segregation and allow leaner mixes. 


Lean mixes of low water content have less shrinkage than rich mixes of high water content 


A concrete wearing surface using this mix has the coarse aggregate in the surface to take 
the wear; eliminates dusting caused by excess water bringing fines to surface and eliminates 
cracking and crazing caused by water shrinkage and excess fines 


KELLEY ELECTRIC MACHINE COMPANY 
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KALMAN 


ABSORPTION-PROCESS 











Cross Section of Kalman Floor Topping, 
Showing Uniform Distribution of Aggregate and Density 


THE KALMAN FLOOR—A GRANOLITHIC CEMENT FINISH 
FLOOR TOPPING. Laid by the Kalman Floor Company using the 
KALMAN ABSORPTION PROCESS. 


The Kalman Floor Company has for 25 years pioneered and specialized 
in the development and installation of Granolithic Cement Finish Floor 
Topping and has during this period maintained continuous leadership 
in the field through scientific research and experiments. 


KALMAN FLOOR COMPANY 


INCORPORATED 
110 EAST 42ND ST. NEW YORK 17, N. Y. 
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FLOOR 


CEMENT-FINISH 








The Kalman Absorption Process 





A practical method of installing on a commercial basis a theoretically 
correct low-water concrete topping. This method, combined with the 
skill and knowledge cf the men doing the work and subjecting all materials 
to Laboratory test for analysis, gradation and soundness, plus a con- 
stantly growing skilled personnel and improvement in equipment has 
consistently produced a uniformly hard wear-resisting floor, free from 
disintegration and dusting and of a maximum density, evenness of texture 
and unexcelled durability. 


Adaptability 








Over 200,000,000 Sq. Ft. of Kalman Floors have been installed through- 
out the United States in practically every type of Industrial, Warehousing, 
Institutional, Commercial and School buildings and is readily adaptable. 
(For further information, see Sweet's Architectural Catalog. A. |. A. 


File No. 4i 3.) 

OFFICES: 
NEW YORK CHICAGO BOSTON 
LOS ANGELES PHILADELPHIA CHARLOTTE 


SEATTLE CLEVELAND DAYTON 
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CALCIUM CHLORIDE OF PARTICULAR VALUE 
WITH AIR-ENTRAINING CEMENTS 


Research and practical use has established that calcium chloride reacts to produce 
the same beneficial results (in strength gain, workability, etc.) with air-entraining 
cements as with standard portland cements. 


The use of air-entraining cements is receiving considerable attention at the present 
time in an effort to improve the resistance of concrete pavements to scaling, but it 
has been found that the increased yield of concrete reacts to reduce the strength, parti- 
cularly at early ages, 10 to 15 percent below the normal strengths for standard port- 
land cement. 


However, the use of 2 lbs. of calcium chloride for each sack of cement in the mix 
reacts to overcome this strength loss, and in fact provides greater strength than is 
obtained with standard portland cement. 


Less mixing water is required to provide the same workability, which will further 
increase the strength of the concrete if advantage is taken of this practical reduction 
in the water-cement ratio. 


The tests also show that the improvement in resistance to freezing and thawing of the 
concrete with air-entraining cement is not affected by the use of calcium chloride, which 
does act to more than offset the slightly reduced strength of air-entraining cement 
concrete. 
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THE CALCIUM CHLORIDE ASSOCIATION, 4145 Penobscot Building., DETROIT 26 
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The Great MacArthur Lock at Soo Canal 


HYDRON-FORMING “CASE HARDENED” IT! 


The $14,000,000 MacArthur Lock—with its 
great depth that accommodates ships with 30- 
foot draft — was completed in the record time of 
13 months. Contributing to this accomplish- 
ment were many applications of advanced con- 
crete technology. Among them was the use of 
a low water-to-cement ratio mix. 

So that the entrapped air being expelled by 
the vibrators— used with such mixes to compact 
the wet concrete— would not collect at surfaces 
of the forms and cause pitting, and so that free 
water at the form surfaces would not cause sand 
streaks and other disfigurements, the forms were 
lined with Hydron Absorptive Lining. 


Hydron-forming eliminates surface imperfec- 
tions, increases structural strength and surface 
abrasion resistance ...actually ‘‘case hardens” 
concrete to a depth of three inches or more. 
For details on how Hydron-forming prolongs life 
of concrete structures and reduces maintenance 
costs, ask for your copy of the booklet, ‘‘Hydron 
Absorptive Lining.” 


1230 Sixth Avenue 
{ Rockefeller Center 
New York 20, N. Y. 








Left section of concrete test block with smooth, 
attractive surface, was cast against Hydron Lining. 
Right section, — and trregular surface, was 
cast against otled plywood. 








os * . Y 
Enlarged view of area indicated by rectangle on 
lest block, after steel-shot blasting test. Hydron 
formed section, left, is but slightly marred in 
comparison with deeply pitted and cratered ply- 
wood cast section al right, 


UNITED STATES RUBBER COMPANY 





ct nee othe. etn 


ee 


REE a 





5 AES 


ee 


RENE aS A NS 





eo ere 





24 








374 JOURNAL, AMERICAN CONCRETE INSTITUTE (advertising) Feb'y 1944 





SMITH TILTING MIXERS 





View of a 4-yard Smith 
Tilter equipped with 
pneumatic tilting device 
and consistency (worka- 
bility) meter. Also 
available in l-yard, 2- 
yard and 3-yard sizes 





The performance of Smith Tilting Mixers during the past 44 years on major concrete projects through 
out the world is responsible for their reputation among Engineers and Concrete Technicians for fast, 
thorough mixing as well as discharge without segregation. Smith Mixers have kept pace with, 
and made possible, the practical use of the research engineer's knowledge of concrete design. The 
Smith design successfully provides for the use of large cobbles in the mix—uniform distribution 
throughout the batch of graded aggregates—fast discharge of lean, harsh concrete without segre- 
gation—front-end charging which makes it possible to charge several mixers with one set of batchers 
—and meters to determine at a glance the consistency or workability of the batch being mixed 


End-to-Center Mixing 


The duo-cone shaped drum plus the con- 
verging mixing blades produce a mixing 
action which takes care of variations in the 
charging sequence of the aggregates and 
produces concrete in which the distribution 
of the fine and coarse aggregates, including 
the cobbles, is uniform throughout the 
batch. The mixing action does not ap- 
preciably increase the fineness modulus of 
the designed mix. The sand cement, aggre 
gate mortar, and water cement ratios of 






samples from the front, center and back of 
Cut-away view of Smith 
Tilting Mixer Note 
End - to - Center mixing of the most exactis 4 specificatior > 


The T. L. SMITH COMPANY, 2897 N. 32nd St., Milwaukee 10, Wis., U. S. A. 


the drum are well within the requirements 
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SMITH-MOBILE TRUCK MIXERS 


Smith - Mobile was designed 
to bring to the Ready Mixed 
Concrete Field, a truck mix- 
er with the mixing and 
operating efficiency of Smith 
Tilting Mixers. Within two 
years, the superior perform- 
ance of the Smith - Mobile 
revolutionized the truck 
mixer industry and opened 
new fields to this efficient 
method of furnishing con- 
crete on many important 
projects. 


Feed Chute Charging 
and "End-to-End" 
Mixing Action 


Smith-Mobiles are charged 





through a feed chute with the drum rotating at mixing speed and in mixing direction. The 
shrinking and mixing process starts instantly, thereby reducing the final mixing problem The 
scientifically designed blades produce an “‘End to End’ mixing action and discharge the concrete 


without segregation. 





Visible Mixing. At any stage of mixing cycle you can look into drum 


and see what's going on 


Visible Mixing 


ith-Mobile’s exclusive VISIBLE MIXING feature 


permits consistency control through observation of 
the entire batch during the mixing process. On the 
Smith-Mobile truck mixer the feed chute sealing 
door, which closes the drum opening, can be opened 
wide at any stage of the mixing cycle to observe the 


End-to-End” mixing actior 


Mixing Efficiency 
Smith-Mobile truck mixers were used on the cor 
struction of the Contra Costa Canal of the Central 
Valley Project under the supervision of the Bureau of 
Reclamation. The specifications limited the slum 
hange to a maximum of ',", and the water-cement 
and sand-cement ratios of samples from the front, 
enter and back of the drum to a maximum variation 
¢ of the No. 4 Smith-Mobiles 
under these rigid specifications is indicated by the 
following typical held records 


of 10%. The performan 





MIXER EFFICIENCY TESTS — SMITH-MOBILE MIXERS 


Central Valley Project—Delta Division—Contra Costa Canal 


“Simultaneous Batching” % max. canal lining concrete. 1:2.5:3.4 field mix 


Test % of Lowest G/M | % of Lowest W/C Y, of Lowest $/C 


No 


Front | Center| Rear | Front | Center| Rear | Front | Center| Rear 


iC | 104.0 | 100.0 | 100.0 | 100.0 | 103.0 | 100.6 | 101.5 | 101.5 | 100.0 
2C | 108.8 | 100.0 | 103.5 | 101.1 | 100.0 | 100.3 | 1000 | 103.6 | 102.7 
4C | 102.0 | 100.0 | 131.9 | 104.9 | 105.3 | 100.0 | 100.0 | 105.7 | 101.3 
$C | 106.7 | 100.0 | 102.5 | 100.0 | 101.2 | 100.5 | 100.0 | 103.2 | 103.2 
3C* | 109.3 | 107.5 | 100.0 | 101.3 | 100.0 | 103.2 | 110.1 | 100.0 | 1168 


*Dry Batching” 34” max. canal lining concrete. 1:2.5:3.4 field Mix. 


The T. L. SMITH COMPANY, 2897 N. 32nd St., Milwaukee 10, Wis., U. S. A. 


Slump No 
4 “yee Revs 
Front | Center! Rear Remarks _ 
1% | 1% 1% 39 | Good placeability 
2%/| 1% 2% 40 | Good placeability 
2 | 1%] 1% 49 | Good placeability 
2%/| 1% 2 | 46 Good placeability 
1% 1% 1% 42 | Good placeability 
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FOR EFFICIENT-ECONOMICAL 

















REX MIXERS are leaders at the job of producing 
high quality concrete for everything from base- 
ments to bridges... factories to homes. Soundly 
designed and ruggedly built for top performance, 
they speed up mixing and placing concrete 
wherever they are used. Available in 3'%S, 55, 
7S, 10S, 14S and 28S sizes. 


REX MOTO-MIXERS are proved supe- 
rior by actual job performance and 
operator preference. Simplicity and ease 
of operation result in most efficient and 
economical mixing and 
placing of specification 
concrete. Rex Moto- 
Mixers are available in 
all standard sizes. 


THE REX 34E DOUBLE DRUM PAVER has an unusual 
performance record for high volume production and smooth- 
ness Of handling. Operation is controlled by the Rex 
Mechanical Man, resulting in the fastest possible mixing 
cycle. The Rex Paver is 
by far the most modern 
and efficient paver built. 


CONSTRUCTION 


CHAIN BELT COMPAN Y 
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4, CONCRETE CONSTRUCTION 


REX PUMPCRETE, the pump that pumps con- 
crete, supplies a practical means of pumping con- 
crete on jobs as small or as big as they come. It 
simplifies difficult jobs, effects savings in concrete 
placing costs and better co-ordinates all operations 
to permit faster completion of entire job. It elimi- 
nates the need for buggy runs, chutes, hoists and 


towers. Capacities range from 15 to 65 cubic yards 
y per hour. 








REX SPEED PRIME PUMPS are high capacity, 
self-priming, centrifugal pumps used for general 
dewatering and supply purposes for construction 
jobs. They are sturdily built, with capacities rang- 
ing from 3000 up to 125,000 gallons per hour. 
Gasoline or electric power operated, 








Rex Engineers are specialists in the design, manufac- 
a ture and application of equipment for mixing, hauling 
and placing of concrete and the moving of water, Write 
for illustrated booklets containing the complete facts 
and engineering data. Address Chain Belt Company, 
1714 West Bruce Street, Milwaukee 14, Wisconsin. 


VN MACHINERY 


y|' OF MILWAUKEE 
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34® SINGLE AND DUAL DRUM 


Sensome. PAVERS 


STEADY, ACCURATE WATER SUPPLY 
to a paver mixing drum is essential if a uniform concrete con- 
sistency is to be maintained throughout a job. 








RANSOME PAVERS are equipped with 
a gravity feed water system that is absolutely accurate and 
fool proof. It has a non-pressure, syphon type measuring device 
that measures the batch water accurately, without variation 
or stoppage of the water flow. Ransome engineers have made 
this possible by producing a tank which is carefully calibrated, 
not effected by grades, side inclines, or variations in line press- 
ure. This is one feature of Ransome Pavers. There are many others. 


Write for literature 


RANSOME MACHINERY CO. duncten, ws 
Subsidiary of Worthington Pump and Machinery Corp. 


Other Products: TRUCK MIXERS, SMALL MIXERS, BIG MIXERS 
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WHEN CONDITIONS 
MET TODAY WERE 
IN THE FUTURE 
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BUTLER plants were 
engineered to meet them 
' 
Planning, not for today’s but for tomor- 
row’s world, has long been a function 
of Butler Engineered Design. For more 
This Butler bulk cement plant at Willow 8 ; § , 
Run supplied two pavers continuously than twenty years Butler engineers have 
Although it stores 500 barrels of cement, _ os enens , 4B Fy 
aa t ae aes is See Oe been designing and building plants to 
removal of a handful of bolts. handle the Nation’s concrete — plants 
whose “know-how” is built-in; central 
mixing plants to pour huge volumes of concrete, ready-mixed concrete 
plants to batch 300 yards per hour, bulk cement plants to handle two dual- 
drum pavers, are ordinary Butler achievements today. And already on the 
drawing boards are designs for tomorrow's world — developments which 
may well revolutionize the entire industry. Tomorrow, as always, look 
to Butler for leadership. ‘ 
Concrete for the Dodge Aircraft 
Plant, largest industrial building 
1 the world, came from this 
plant at speeds up to 230 yards 
per hour, using a single batcher 5 
operator. Butler plants are avail- 
ble to produce from 30 to 300 
yards per hour. . 
CENTRAL MIXING : 
PLANTS 
READY MIXED ; 
PLANTS ' 
BULK CEMENT 
PLANTS 
CEMENT HANDLING 
EQUIPMENT 
. . 
BIN COMPANY . Waukesha, Wisconsin 
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HUNT PROCESS 


CURING OF CONCRETE IN COLD WEATHER 


Concrete poured during cold weather needs extra curing precautions and safe 
guards. Water will evaporate from concrete even though the atmospheric teraperatures 
are below freezing. However, the chemical reaction between the cement and the water 
(hydration) practically ceases at approximately 40° F. and the concrete remains all 
but dormant at temperatures below that point. Even at best, when the concrete is 
immediately covered with an insulation blanket such as straw or hay, the hardening 
or curing process progresses slowly. Asa result, for positive curing during cold weather, 
means should be provided which will insure the presence of sufficient water in the con 
crete for a period of time MUCH LONGER than the normal ‘‘curing period.” 


This can best be done by the application of Hunt Process, which seals into the 
concrete all the mixing water and prevents its loss by evaporation for a considerable 
length of time. Therefore when the temperature of the concrete is at 40° F. or above, 
there is ample water available for hydration even though a considerable interval of 
time may have elapsed since the actual placing 

Also by the use of Hunt Process the cooling action of evaporation is eliminated 
and the temperature of the concrete is proportionately higher 





COLD WEATHER TECHNIQUE— During the winter of 1942 and 1943 a large 
airport runway was poured in the Pacific Northwest. The temperature conditions 
were quite extreme. The lowest atmospheric temperature during which the concrete 
was poured was 7° F. with a low of 9° F. below zero the night following the placing 
The minimum temperature of the concrete during that night was 48° F. The technique 
employed was as follows: 


1) Protection of subgrade from freezing. 

2) Preheating of water and aggregates to approximately 150° F 

3) Addition of an ‘‘accelerator” to the mix. 

4) Application of Hunt Process immediately after the finishing 

5) Placing of approximately a one-foot blanket of straw or hay. 

6) Placing, if needed, of a layer of paper or framework to prevent the blowing 
away of the insulating blanket. 


DISTRIBUTORS 


The Lofland Company Dallas, Texas P. L. Crooks & Co., In Portland, Orego 

The Colorado Busiders’ Supply Co Denver, Colorado American Asphalt Roof Cort alt Lake City, Utah 
Grace Brothers, Limited Honolulu, T. H AR. Reid Co aa acielann. Ssill 
The Carter-W aters Corporation Kansas City, Mo — 

The R. C. Hardcastle Co Oklahoma City, Okla Charles R. Watts & Co cattle, Washington 
Baker-Thomas Lime & Cement Co Phoenix, Arizona A. E. Foreman & Sons Vancouver, B. ( 


HUNT PROCESS COMPANY 


The Original Membrane Concrete Curing Compound 


Main Office & Plant Hunt Process Clear 
7012 Stanford Avenue Hunt Process Black 
Los Angeles 1, California 
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Restore the Old-- 
with Build the New-- 


INTRUSION-PREPAKT 


INTRUSION:  Pressure-filling of spaces within masonry and concrete 
structures, foundations, and riprap with cement-base binding paste, 
to solidify the mass. 


PREPAKT: Concrete made by packing forms with coarse aggregate 


and then solidifying by intrusion. 


The diagrams below indicate some of the many accomplishments on 
actual structures, above and below water. Further information is given 
on the three following pages. 
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RESTORATION ®8Y INTRUSION 


AN EXAMPLE 


CONDITIONS: Ten stone masonry piers and abutments of railway bridge built in 1870. 
Each pier built on concrete base in timber box, within timber caisson; caisson filled with 
riprap to stabilize pier (see diagram of typical pier, below). At time of restoration the 
masonry was weathered and spalled, and mortar joints were in generally bad condition 
Water was 10 to 50 feet deep, current 8 to 12 miles per hour. No interruption to traffic 
could be permitted. 


METHOD OF INTRUSION: Holes were drilled from just above water line to provide 
all parts with inlets at intervals. Intrusion mortar was pumped in under pressure to 
solidify stone masonry, concrete-timber base, rock foundation, and riprap. Riprap was 
capped with Prepakt, the aggregate and intrusion pipes for which were placed by aid of 
divers. Job required about 30,000 lineal feet of drilling, about 1,250 cubic yards of intru- 
sion mortar, and about 250 cubic yards of Prepakt. No coffer dams were necessary 

only a line of steel sheet piling across the nose of the piers to slow the current for divers 





QUALITY 


Thoroughness of intrusion is evidenced by appearance of mortar at adjacent openings 
and by test cores cut from structure. Compression tests on cores have repeatedly demon 
strated strength of solidified structure at least equal to that of original material. (Quality 
of intrusion mortar is necessarily varied to suit the particular conditions, but in any case 
the water-cement ratio is relatively low as compared with straight portland-cement grout 
and the strength is ample. Lab 
cratory tests on intrusion mor 
tars show compressive strengths 
up to 10,000 psi. at 3 months, 
also little bleeding and low 


shrinkage Test data available 


cn request 





‘ 


@)-Soliaif ed Ly /nirusion. OrNew Prepakt. 
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RESTORATION with PREPAKT 


Dense — Strong Durable 
Tight Bond—Low Shrinkage 


Prepakt concrete consists of closely spaced coarse aggregate embedded under pressure 
in a matrix of dense, non-bleeding, low-shrinkage mortar. 


Disintegrated parts of concrete and masonry structures are cut out and replaced with 
Prepakt. Pressure filling assures tight contact and unit action with existing structure; 
also the intrusion paste under pressure penetrates cracks and voids in the adjacent masonry, 
thus cementing and stabilizing the mass. The close contact between aggregate pieces 
and the special characteristics of the intrusion paste assure low shrinkage and therefore 
continued bond and unit action of Prepakt with structure. 


—_—_—— Quality of Prepakt is demonstrated by experience 
Db , r] in many structures, exposure to weathering, and tests 
. , for strength and bend to old concrete. Strength is 
-. Y MICE ORY . 
C varied to meet requirements; normally compressive 
\ 








ie strength is in excess of 3200 psi. at 28 da., 4,000 psi. 






iasidciidiean it 3 mo., and 5,000 psi. at 1 year. Typical laboratory 
Aggregate ‘ests show shrinkage of Prepakt about half that of 
: ordinary concrete, and cracking practically non-existent. 


Test data available on request. 
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NEW CONSTRUCTION 
witH PREPAKT 


Uniform Placing 
Lower Shrinkage 
Density 
Strength 
Durability 





Ordinary concrete — often water PREPAKT cast under water 
olid throughout. 


pockets under aggregate. 


Locations and conditions difficult for placing ordinary concrete are particularly suited 


to Prepakt. Placing and inspection of coarse aggregate before intrusion assures com 
plete filling of forms. Limited size range prevents segregation even when aggregate is 
placed horizontally or overhead. In underwater construction the intrusion mortar 
displaces water from below; tests demonstrate that the advancing surface does not mix 
with the water as does straight portland-cement grout. Dry-dock floors, sea walls 
piers, or structures under water, where concrete is subject to wash and segregation, 
can be built rapidly and economically with Prepakt. Following are examples of actual! 
jobs where Prepakt met unusual conditions requiring tight and continued contact 
with surroundings in addition to usual requirements of density, strength, and durability. 














‘\ DAM THICKENED: T> strengthen dam, stop leakage (by intrusion), and permit 
s 
eventual increase in height, as indicated by sketch below. Low heat generation, low 


s . . 
‘ shrinkage, and tight bond were primary reasons for adopting Prepakt. 


‘ ARCHES STRENGTHENED: Prepakt arches supporting old stone masonry 
, arches as indicated in sketch on third page preceding. Pressure filling plus low 


7 shrinkage enabled Prepakt portion to share the load 


FOOTINGS DEEPENED AND EXTENDED: Under bridge pier 


footings 844 feet wide were built Prepakt footings 1544 feet wide 


and 4 feet deep to spread the load and transfer pressure t« 


soil at lower elevation. 


For Restoration 


INTRUSION-PREPAKT, Inc. 


For New Construction 


The PREPAKT CONCRETE Co. 


Union Commerce Bldg., Cleveland 14 
309 W. Jackson Blvd., Chicago 6 
429 Union Station, Toronto, Ont., Can 


Methods and Materials Patented 





“Soliditied by Intrusion, 
-New Prepakt, 





See Also Preceding Three Pages 
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EXPANSION JOINT 


In a time when plastics are receiving a great deal of attention, it is refreshing to review engincer- 
ing experience with the best known of all plastics, i.e., asphalt. This natural product which is 
one of the most stable building materials known, is a plastic and retains its plastic qualities to an 
almost unbelievable extent even when combined with other materials. 


Because of its plasticity, asphalt makes an ideal expansion joint material. Mixed with a filler 
and encased between layers of asphalt saturated felt, it is rigid and boardlike; can be easily 
shaped to any cross-section; and can be built into any concrete or masonry structure to provide 
saiieain joints of specified width. 


Its plastic qualities allow the joint to close without stressing the concrete and the fact that it 
will be completely displaced under pressure allows the engineer to include a factor of safety in 
design without resorting to excessive joint widths. 


Not only does asphalt joint provide uniform expansion room in the structure equal to the total 
thickness of the joint material, but it also protects this expansion space so that it can be used 
over and over again throughout the life of the structure 


As long as there is an appreciable thickness of expansion joint material in the joint, incompress- 
ible material entering the joint will not cause the edges of the concrete to spall, but will become 
embedded in the joint material and will be extruded at a later date. This characteristic, which 
is unique in the expansion joint field, makes this type of joint self-cleaning and reduces joint 
maintenance to a minimum. 


Use Carey Elastite ‘‘Extruding’’ Asphalt Joint; lowest initial cost; lowest maintenance cost; 


a standard in the construction industry for more than a quarter of a century 








THE PHILIP CAREY MANUFACTURING COMPANY 
LOCKLAND, CINCINNATI, OHIO 
In Canada: The Philip Carey Co. Ltd., Office and Factory: Lennoxville, P.Q. 
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Sol Ving 


CONCRETE 
Problems 








These 360’ concrete barges and ships are being built under supervision of the U. S. Maritime 
Commission by Barrett & Hilp, So. San Francisco, Calif.; concrete Ship Constructors, National City, 
Calif.; MacEvoy Shipbuilding Co., Savannah, Ga.; McCloskey & Co., Tampa, Fla.; and San Jacinto 
Shipbuilders, Inc., Houston, Texas. 


THE SEAGOING MONOLITH 


THE PROBLEM: — to obtain a light, strong, dense concrete 


—to obtain a workable concrete, easily placeable into thin sections 
(4” to 6” wall) heavily reinforced with a double curtain of steel on 8” 
centers 


—to delay setting long enough for continuous pour to eliminate con 
struction joints 


HOW IT WAS SOLVED: — Special lightweight coarse aggregate is being used with up to 9% 
bags of modified portland cement per cubic yard of concrete 


— Plastiment, a Sika Chemical Corporation product, is being used to 
improve workability, to reduce necessity for excess water in the mix, and 
to retard setting sufficiently to permit working several hours after placing, 
thus eliminating cold joints 


— Internal and external vibrators are used to speed flow of concrete to 


all parts of the form. 
' h Plastiment hel solve Ste OUR 
Let us show you how Plastiment can help you v swik 


your concrete problems. We will be glad to furnish ae 
technical information without obligation. 






— Fe ee ee ee ee ee el 


SIKA CHEMICAL CORPORATION 
35 Gregory Avenue Passaic, N. J. 
i eal Manufacturers of 


Structural Waterproofing Compounds e Plastiment, The Concrete Densifier 
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Products 
Reg. U.S. Pat. Off. for 


SIKA Products have been developed to im- 


CONCRETE 





Problems 





prove the properties of concrete to meet 
unusual or severe conditions. Many govern- 
ment and private projects have been built in the United States with the help of Sika 
waterproofing compounds or Plastiment. Below are brief discussions of the three 
broad groups of Sika Products. Full information and technical advice will be 
gladly given. 


gY The three compounds in this group are used in concrete and in brick 
tha 


mortar to impart maximum impermcability, to enable the structure to 


: resist penetration of water from the start. This initial or preventive water 
Integral Waterproofing 


Compounds for Now 
Construction 


proofing is preferable to remedial treatment, later on, and often helps 
the structure resist corrosion. 


The four compounds in this group are quick-setting and are classed as 

Sha remedial waterproofers, intended for use on concrete structures and 
mortars where leaks have developed. Correct application of the proper 

Waterproofing Compounds compound will stop leaks ranging from small infiltrations to heavy 
for Maintenance streams. Instructions are clear and specific so that a good mason can 


apply SIKA Products without difficulty. 


This densifier improves the strength, durability and impermeability of the 


° 
Plastiment concrete to which it has been added. PLASTIMENT makes it possible to 
3 climinate cold joints and honeycombing. When added to the concrete 
Concrete Densifior mix, it increases plasticity and workability, and at the same time strength 


ens the bond with the reinforcing steel. 


Other SIKA Products: Gunite and Grout SIKA, Expan 
sion Joint Compounds, Floor Surface Hardeners, Tile 
Setting Compounds. 





a ee ee ee ee ee ee ee ee ee ee ee ef ee ee ee es ee eS ee ee 
SIKA CHEMICAL CORPORATION 
37 Gregory Avenue Passaic, N. J. 
aoe. ©. 5. Pat. OW. Manufacturers of 


Structural Waterproofing Compounds e Plastiment, The Concrete Densifier 





npr ' S eeeiaed eeieieeeeee Ee _ a 
Nie Die le arate eatin: = i—umMitiitivw wie Iota =< = . 


acon 

















Feb'y 1944 


JOURNAL, AMERICAN CONCRETE INSTITUTE (advertising) 


388 


a 4 
«43 A 


> ~~! 


























hu 


























389 


TECHNICAL PROGRESS SECTION (advertising) 


‘V'S'N “OIHO ‘N3IY¥YVM Ti7ili 
‘(OD NOU! 8 WYOd 13315 





ALVOLLSAANI 
‘aI QuIwaR 


ai8 YIPIM JO ssauyory) AuB jo SjuUaWaARd 3}919U09 
JO} [01}U0) UOTsUBdXs pue UWa}sdhs SUT;aMOp ‘s}UDU 
-3]9 Jojsuvs) peo, UO vIep pUe s]ivjep aja;durlOy 
*JUITUIAOUT ABM-OM) JOJ SMOT[L 
}BY}) 91) pue JUaWIIa JojsuBI) peo] & saeplAOld g s¥ 
Pe BoIpUy JEMOp UOPY [ENG OPH 94 (Tl “Sy Ul a 
90S) ‘juIof UOoTsUBdXxs [vUIpNIIsUO] 39y) Je SABMUNI 
94} JO ISIMYISUI] PUL JSIMSSOID SI JUDUTZAOW quis 


‘] ‘SIq Uy q SB pazBorpuy 
‘uoTI01Ip AUB UT UO1J9¥I}U09 IO UOTsSUBdXa JFUIIEd 
}BY} SJUIWIIIa JojJsuvI) PLO] aprAold puv sjurof jo Zur 
-duind j}uaAeid sjamoqg UOIsSUaT [BSJOATU OTOP] YIM 
sulveg JUuIOs UOIsUvdXy 9}019U07) *] “SI Ul poajEc 
-Ipul sv sjurof uolsuvdxa polassujs jo usa}}ud v asod 
-O1d SI99DUISUY [AZI[9}{ ‘Spuel) ssey) Suredmnuy 
‘usISap 
oIseq Ul SeaguBYyD UIeII90 Ssaltnbel sIyy, “suoT}I0IIp 
[[@ Ul SI apm jooj JO spoipuny sjsiodime ul sAemuns 
9}019U09 Ul squis JO UOTDRI2U09 pue uUuOTsURdXy 


*[VUIPN{ISUO] SI spvol 
93919U09 Ul SquIs JO UOTIvI2U09 pue UOTsURdXxy 











SABM 
-USI] 40} Weag JUuIOsS UOTsUEdXy 
pue jamog uolsuayl OJaH-—+F “Sly 





“U01)90IIp AUB UT U01}9BI2U0) JO 
UOTSUBdXS SMO][Y "[AMOG UOTSUAT [esJaAtUy 
OJAFT P42 JO UOPIe [esJoaATUN 3I0N—¢ “By 


i ee el T aS 


aa0ge 
«4,, 9°S) Sjs0dipy 1J0OJ Weag jJUuIOs UOTsUBdxy 
pue jamog uolsuay [esseatuyQ, OJaH—7Z “By 














Lee 








390 JOURNAL, AMERICAN CONCRETE INSTITUTE (advertising) Feb'y 1944 


This is a paid advertisement by the Dewey and Almy Chemical Company. 





ENTRAINED AIR—the newly recognized 


ingredient in portland cement concrete 


A progress report of the Dewey and Almy Chemical 
Company on the development of an ideal air en- 
training compound for portland cement concrete. 


Air has always been an ingredient in portland cement concrete. In the past 
as a rule, it has been neglected in calculations involving mix design, and the 
properties it imparted to both the wet mix and hardened concrete were ger 

erally ignored. In the early thirties some investigators noted that entrained 
air in concrete increased the durability as measured by freezing and thawing 
However, the accompanying decrease in strength and density was deemed too 


great to warrant its recommended use in concrete 


In recent years the severe scaling of some highway pavements in northern 
sections of the country which had been subjected to the frequent applicatior 
of calcium chloride for de-icing revived interest in entrained air in concrete 
The fact that such concrete has done much to eliminate scaling is a matter of 
record. However, the commercial use of air-entrained concrete has brou yht 
out some of its limitations. Uncontrolled amounts of air in the wet concrete 
result in uncontrolled plasticity. It may also result in reduced strength and 
density of the hardened concrete and defeat the original purpose of entrained 


air 


In our research, we found that IDA not only increased plastic ity with no sa 





in compression and bond strengths but also improved durability as measured 


by freezing and thawing in the presence of water. These benefits increased 
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in proportion to the amount of IDA used (0.02% to O 90° 0) IDA, however, 


is not an air-entraining agent 


With the growing interest in air entrained conc retes, we set out to develop 
a companion product to TDA which would combine the catalytic agent in IDA 
with an air-entraining agent to give controlled amounts of entrained air in 
the resulting concrete irrespective of the cement used and without adversely 


affecting the properties of the concrete. 


In a research program extending over a period of tive years we investigated 
approximately sixty air entraining agents of all known types both with and 
without catalysts in order to develop an ideal material The result of this 


research is Darex Air Entraining Compound 


Darex has been tested by five outstanding non-commercial laboratories in the 
past several years The results of these investigations indicate that Darex- 


treated cements give conc retes that: 
1) Have improved plasticity in the wet mix 
9 D a: > hye Y ble hes > land me > d 
2) Produce strengths comparable to the same portland cement untreated. 


5) Have unexcelled durability as measured by freezing and thawing in 


the presence of water or calcium chloride 


Furthermore, it is indicated that the presence of Darex in a concrete mix will 


produce a relatively constant amount of entrained air 


E xperimental commercial mill grinds are now being made 


Dewey and Almy Chemical Company 


Chicago Cambridge, Massachusetts Oakland 





Dewey & Almy Chemical Co. are also manufacturers of TDA 


the catalyst-dispersing-agent-grinding-aid approved for all types 
of portland cement, proved in over 100,000,000 barrels. 
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(Whiteman CONCRETE EQUIPMENT 


for precision, machine finishing of concrete surfaces, 
contributed in large measure to early completion of vast 
facilities essential to the war 


WHiTEMAN Machines made it possible, in spite of unparalleled labor shortage, to finish 
areas of concrete floors on a scale considered impossible by old hand methods—at the 


same time producing an infinitely better quality of floor. Again machine methods saved 
time, money, labor. 


THE WHITEMAN 3-STEP METHOD OF PLACING AND 
FINISHING CONCRETE 


STEP 1—SCREEDING. Using the Whiteman Portable Rodding Machine (Fig. 1) as much 
as 4 cu. yd. of 1” slump mix can be handled in five minutes. The operator exerts a steady 
forward pull to provide a uniform rate of advance while the transverse strokes of the rod-sticks 
thoroughly compact and perfectly level the slab. This operation leaves the slab when suffi- 
ciently set ready for— 


STEP 2—FLOATING. Attach the ‘“Heavi-Duti’ 10” x 18” flat float trowels to the dual- 
purpose Whiteman Finisher (Fig. 2) and cover 1,000 sq. ft. in as little as 15 minutes. This 
further compacts the slab, brings up moisture and produces an excellent surface for warehouse 


floors, airplane runways, vehicular traffic, etc. To obtain a smooth finish, follow when properly 
set with— 


STEP 3—FINISHING. Remove the ‘“Heavi-Duti" float trowels from the dual-purpose 
Whiteman Finisher, and attach the regular 6” x 18” crucible steel finishing trowels and with 
the machine in motion on the slab, turn the control handle to obtain the correct pitch of the 
trowels to produce the desired finish. Second or third time over will eliminate all riffles and 
laitance and produce a perfect surface. 


THE WHITEMAN LINE 


Whiteman Portable Concrete Rodding Machine (Fig. 1, opposite page), power operated for 
slabs up to 16 ft. wide, eliminates the necessity for hand rodding. It rods the slab to a perfect 
level, and at the same time puddles and vibrates the concrete through the entire depth and over 
the whole area, throughly compacting the slab and bringing the moisture to the surface pre- 
paratory to floating or finishing. Concrete of as low as one inch slump may be handled 
without difficulty. This unit is powered with a Wisconsin AB 2.3 air cooled engine with 
automatic clutch, operating at 100 strokes per minute, driving the screeds in a transverse 
movement with a Pittman arm from a crank mounted on the gear box. Weight, 260 lb. 


The dual-purpose finishing machine with horizontal 3-bladed propeller for either floating 
or finishing trowels is shown in Fig. 2. The guard ring prevents accidents to operators or 
equipment. Operated by either gasoline engines or electric motors, this machine dispenses 
with hand trowelling and produces a flat, smooth slab, free from riffles and depressions. It 
handles concrete of low water-cement ratio, that results in a dense, strong, wear resistant slab 
Operation is simple, a slight turn of the hand wheel at top of handle sets the trowels at 
the proper pitch while in motion, and speed is controlled with a hand throttle. A slight 
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<@ Fig. 1—Whiteman Portable _Con- 
crete Rodding Machine 


downward pull on the operating handle 
causes the machine to move to the 
right, an upward pull guides it to the 
left. BG Model, powered with§a 
Wisconsin AB 2.3 air cooled engine 
and automatic clutch, operates Yat #50 
to 100 RPM and weighs 187 Ib. The 
BE Model with a 34 HP. Electric 
Type RI Motor, operates at 50 RPM; 
weighs 170 lb. 

Especially suited for smaller jobs is 
the Whiteman Hand Grill Tamper (Fig. 3). This 5-ft., light weight tamper with mesh surface 
tamps down the larger aggregates leaving the finer material on the surface, resulting in a 
more dense and compact floor and elim- 
inating the use of dry topping. The unit 
is collapsible and handle is adjustable 
to proper height. 


Fig. 2—Whiteman Dual-purpose Finish- 
ing Machine > 


The Whiteman All Metal Screed Stake 
and Screed Stake Cap (Fig. 4) minimizes 
the time for screed header placement in 
any soil. Pin in 9” and 12” lengths is set 
in the ground; horizontal ground bar 
placed firmly on ground and locked 
with set screw; final grade is obtained by sliding head up 
ordown. Entire stake is easily reclaimed. The Whiteman 
Screed Cap enables contractors to use their own 2” x 2” 
wood stakes in lengths to fit ground conditions. Wood 





2” x 4” or 2'5" pipe may be used satisfactorily as screeds 
with either stake. 


Fig. 3— => 
Whiteman 
Hand - Grill 
Tamper. 
@ Fig. 4— 
Whiteman 
All Metal 
Screed Stake 
and Cap 


WHITEMAN CONCRETE EQUIPMENT is sold only through well established American 


and Foreign distributors. For further information write for the name of nearest dealer. 


(Whiteman Manufacturing Company 
3249 Casitas Avenue 
LOS ANGELES 26, CALIFORNIA 
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MASTER PORTABLE GAS-ELECTRIC 
GENERATOR PLANTS are manufac- near 
tured in capacities shown below: 


MODEL CAPACITY CURRENT 














650 500 watt DC 

1250 1000 watt DC 

MG-1 1000 “ AC or DC 
MG-2 1500 “ AC or DC 
MG-3 2000 “ AC or DC 
MG-4 3000 “ AC or DC 
MG-5 5000 “ AC or DC 
MG-6 6300 “ AC 

MG-7 9400 “ AC | 
MG-10 12500 “ AC - ———— 
MG-15 17000 “ AC 





MASTER HIGH SPEED GAS OR 
ELECTRIC CONCRETE VIBRA- 
TORS ARE BUILT FOR HIGH 
FREQUENCY VIBRATION AND 
WILL MAINTAIN CONSTANT 
SPEED UNDER FULL LOAD. 
THEY ARE ACCEPTED AS 
STANDARD EQUIPMENT BY 
THOUSANDS OF ENGINEERS 
AND CONTRACTORS: 





MASTER GAS ENGINE DRIVEN 
VIBRATORS ARE MADE IN THE | 
FOLLOWING MODELS: 

















MODEL HP SHAFT LENGTH 
19 1% 12’ or 18’ 
23 3 12’-18'-24’ or 31’ 
24 4 12’-18'-24’ or 31’ 
ELECTRIC DRIVEN VIBRATORS 
COME IN THE FOLLOWING 
MODELS: 
MODEL HP SPEED SHAFT LENGTH 
1 4 3600 22”-12’ 
2 4 7200 22°-12' 
3 1% 3600 =—s 112’ or 18” 
4 1% 7200 =12’ or 18” 
5 3 3600 12’-18' or 24’ - 
6 3 7200 12’-18' or 24 
200 DAVIS AVE. - - - DAYTON OHIO 


Distributors in all Principal Cities 
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Inland 


Introduces 















Hi-Bond 


‘the bar with greater bond’ 


! In answer to the demand for bars of greater bonding 
strength and in keeping with the developments in higher 
strength concrete, Inland has made another contribution to 
the construction industry. 


This superior bar has closely spaced reversed double 


helical ribs of proper height, arranged to provide a uniform 
cross-sectional area. 


It will pay you to investigate this greatly improved 
Reinforcing Bar. Write for preliminary bulletin. 


INLAND STEEL CO. 


38 South Dearborn St., - - Chicago 3, 


INLAND STEEL 


Sheets Strip Tin Plate Bars Plates Floor Plate Structurals Piling 
Rails Track Accessories 


Sales Offices: Milwaukee, Detroit, St. Paul, St. Louis, Kansas City, Cincinnati, New York 
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Baily Vibrator Co 

Besser Manufacturing Co 

Blaw-Knox Division of Blaw-Knox Company 
Butler Bin Company 
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Concrete Masonry Products Company 
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Intrusion-Prepakt, Inc., & The Prepakt Concrete Co 
Jaeger Machine Company, The 
Kalman Floor Company 

Kelley Electric Machine Company 
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Mall Tool Company 

Master Builders Company, The 
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Prepakt Concrete Co., The, and Intrusion-Prepakt Inc 
Ransome Machinery Co 

Raymond Concrete Pile Co 

Richmond Screw Anchor Company, Inc 
Roberts and Schaefer Company 
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Sika Chemical Corporation 

Smith Company, The T. L 

Solvents and Plastics Company 

Stearns Manufacturing Co., Inc 

United States Rubber Company 
Vacuum Concrete, Inc 

Viber Company 

Westberg Company, The 
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